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THE NORTHEAST TRADE WINDS OF THE NORTH PACIFIC 

By E. A. Brats” 

Cuapter I average is the result of many diverse pressure distri- 

ae J butions. Itis important that this truth be brought home 

GENERAL RELATIONS OF THE TRADE WINDS TO PRESSURE cb _—- on pressure distribution and its influence upon 
‘ weather. 


_ DISTRIBUTION 


Since the relative pressure of the atmosphere determines - 
the force and direction of the prevailmg winds, it is. 


obvious that the first step toward a proper understanding 

of the wind systems of the globe is an examination-of 

the general pressure distribution. 
Broadly speaking, the chief features of world-pressure 


distribution are: (1) An equatorial belt or zone of dimin- 


ished pressure, (2) a belt or zone of high pressure around 
the world about 30° both north and south of the Equator, 
and (3) a second belt of low pressure about north latitude 
60° and a similar belt. in the Southern Hemisphere in 
the same latitude. 

he belts of high pressuré about 30° from the Equator 
are not continuous around the world but form a series 


of the well-known semipermanent anticyclones, each with — 


its appropriate wind circulation. Similarly the belts of 


low pressure about 60° from the Equator are not con- 


tinuous but rather a disconnected series of cyclonic wind 


systems which reach their greatest development in winter 


and over the oceans rather than the continents. The best 
known of these are found in the Northern Hemisphere 
along the Aleutian Islands in the Northeast Pacific and 
in the vicinity of Iceland in the Northeastern Atlantic. 

hese two well-known. semipermanent cycleones are 
known as the Aleutian cyclone or Low and the Iceland 
cyclone or Low, respectively. a 

The most prominent anticyclones in the 
Northern Hemisphere are the great Siberian anticyclone 


of winter, and winter only, and the two oceanic anti- 


cyclones, the Azores in the Atlantic and the North 
Pacific in the ocean of that name. The oceanic anti- 
cyclones are best developed in summer. 

The wind circulation in these anticyclones is Se, 
outward from the center in a clockwise direction; that of 

e cyclone is exactly the opposite. 

Both the cyclones and anticyclones above mentioned 
must not be confused with the traveling cyclones and anti- 
egy of the daily weather map. The latter preserve 
their form and travel in a definite direction over the 
earth’s surface for @ time. The former, onthe other 
hand, must not be thought of as having a distinct. entity 
which is. continually preseryed. Rather uid should be 
thought of as representing the average monthly pressure 
distribution in their respective areas, and this monthly 

58572—27——1 


Figures 1 and 2 have been prepared to show the average 
am distribution and the prevailing winds in the 

orthern Hemisphere for January, a winter month, and 
July, a summer month. The data are taken from the 
United States Hydrographic Office Pilot Charis. 

The pressure distribution in the Southern Hemisphere 
is similar to that shown in Figures 1 and 2 except that 
the large oceanic anticyclones are not disposed symmet- 
rically with those of the Northern Hemisphere; thus, for 
example, the anticyclone in the South Pacific is situated 


‘much nearer to the Continent of South America than the 


corresponding North Pacific anticyclone is to the Con- 
tinent of North America. 

Recalling the statement previously made as to the 
existence of a zone of low pressure in the equatorial 
regions that is bounded on both sides by belts of higher 
pressure, it. will be readily understood that acting under 
the influence of gravity there will be a flow of air from 
the higher to the lower pressure; that is, from about 
latitude 30° N.and 8S. toward the Equator. The effect 
of the earth’s rotation on its axis is to cause these winds 
to blow obliquely toward the Equator from the northeast 
in the Northern Hemisphere and from the soutieast in 
the Southern Hemisphere. These winds from their rela- 
tive constancy in direction are known as trade winds. 

The origin of the name, according to the Oxford Eng- 
lish Dictionary, had nothing to do with “‘trade”’ in the 
sense of “‘commerce’ or passage for the purpose of trad- 
ing, though the importance of those winds to navigation 
led eighteenth century etymologists and even navigators 
so to understand them.”’ 

The trades in their course Equatorward begin in the 
belts of high pressure, sometimes designated the horse 
latitudes, and end by giving way to the equatorial 
calms or doldrums. Further reference to the doldrums 
will be made later in this discussion. 

The North Pacific semipermanent anticyclone.—The 
annual meandering of this formation is shown in Figure 3. 
Here again attention is directed to the Saat belore 
expressed that the North Pacific anticyclone should not be 
thought of as a definite entity, but rather as the monthly 
average pressure over the ocean in certain geographical 
positions. In Janu the center of highest average 


pressure is found as indicated in the figure; its subse- 
quent monthly mean positions are indicated, and 2a line 
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connecting them shows that the center makes a certain 
amount of westing and northing up to August when it is 
found in the position indicated: a movement back 
toward its winter position is then initiated, and the 
cycle of change begins anew in the succeeding year. 
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may persist for a day or so, after which they slacken 
until another impulse is received. 

The semipermanent cyclone over the Aleutians attains 
its maximum geographic extent and intensity in January, 
as may be seen from Figure 1. It disappears in June and 
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Fic. 1.—Isobars and prevailing winds, Northern Hemisphere, January 


The movement of anticyclones over the Northeast 
Pacific is mostly in an easterly direction; it must happen 
then that when fresh bodies of relatively cool air are 
brought into the western or northern front of an existin 
anticyclone its wind circulation is increased thereby an 
there is a distinct response in the northeast trades which 


is not a disturbing factor between May and September. 

Trade-wind boundaries—The regions where the north- 
east trades prevail in the North Pacific may be traced in 
Figures 1 and 2, which show the prevailing wind direction 
for each 5° square for the thottths of January and July, 
respectively. 


May, 1927 


In winter the Siberian anticyclone is responsible for 
the northeast winds-of the southeast. coast of Asia. 

The:trades are weakest.in September, when the north- 
east monsoon winds of Asia do not exist and the North 
Pacific anticyclone is rapidly diminishing in strength. 
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the winds from the north- 
‘east, as recorded on the Pilot Charts, may have been 
recorded on the ship’s log anywhere between NNE. 
and ENE., and the same discrepancy will apply te other 
directions. 
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Fia. 2.—Isobars and prevailing winds, Northern Hemisphere, July 


Recording trade-wind. observations at sea.—Although 
weather observers on board ship record wind. direc- 
tions to 16 — of the compass, they are published 
on the North Pacific Pilot.Charts on an 8-point scale; 
therefore a northeast wind. on the Pilot Chart may 
be a wind coming anywhere from 2214° to 674° on 


On account of the wide range between the direction as 
recorded on the Pilot. Charts and those which might have 
actually occurred, it will be difficult.to determine the 
precise drift of the northeast trades. However, where 
an east wind prevails in one 5° square and a northeast 
in the next adjacent 5° square, it is reasonable to 
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Fic. 3.—Annval meander of North Pacifie anticyclone. Means isobars and prevailin® 
wind Pacifie 


8 over 
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presume that the northeast wind had an easterly com- 
ponent and the east wind a northerly component and that 
the true direction of both winds was not-far from east- 
northeast, | 
These facts should be considered: when examining the 
wind directions both on the Pilot Charts and those of 
igures 1 and 2, the latter having been taken ‘directly. 
from the former. 
With these conditions in mind, and remembering that 
winds in the Northern Hemisphere blow spirally outward 
from anticyclones in a clockwise direction, it is probable 
that the directions of the trades at the extreme eastern 
side of the ocean have a marked northerly component. 
As one goes west within the trade-wind belt the winds 
veer more and more until they have a decidedly easterly 
component. 
The southeast trades which blow spirally outward, but 
in a counterclockwise direction, from the sémipermanent 
anticyclone in the eastern portion of the South Pacific 
follow the same system as the northeast trades. In the 
eastern part of that ocean they have a decided southerly 
component, but in going west they become more and 
more easterly, until at the northern edge of the southeast 
trades they merge with the corresponding winds at the 


ry 


Mean Isobars and Prevailing Winds ~\’ 
over the Pacific Qcean—» 
Month of January — 


Fia, 4,—Isobars and prevailing winds of the Pacific Ocean (after Werenskiold) 
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illustrate these movements! 
In summer the northeast and southeast trades.of. the 


Pacific, as they approach the Equator, merge.at about. 


the 162d meridian, .of .wést:longitude and. in..winter \at 
about the 125th meridian; west. East of these longitudes 
there is a belt of calms, knownas the doldrums,;which 
varies in width from. almost) nothing to 20° or more of 
latitude. This belt of calms in the Pacific is V shaped 
with the widest. portion near the: coast. To the west. of 


MONTHLY: WEATHER REVIEW 215 
southern edge of the northeast trades: Figures 4 andi § 


North \Pacific in. summer is due to the absence of the 
Siberian anticyclone and the cyclone over the Aleutians. 

The absence of these formations, which is due entirely 
to.seasonal conditions; causes a more uniform distribution 
of, pressure’ both over land. and water areas of northern 
latitudes», This:in turn checks the general circulation of 
the atmosphere over the entire Northern Hemisphere, so 
that calms during summer months are not only most 
frequent in equatorial regions, but also in other parts of 
the North Pacific as well. 


we 
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> Mean Isobars and Prevailing Winds — 
over the Pacific Ocean— 
Month of July 
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__ Fig. 5.—Mean isobars and prevailing winds over the Pacific Ocean, July (after Werenskiold) 


Meteorological textbooks of North American origin 
describe a narrow belt of calms, called the doldrums, as 
existing between the northeast and the southeast trades 
and extending across both the Atlantic and the Pacific, 
So far as the Pacific is concerned there is no belt of calms 
extending across the entire breadth of that ocean. in 
fact only near the shore ends are there any considerable 
areas of calms, and these are due to weak pressure 
gradients. 


these longitudes, for 90° or more in winter and for 20° 
in summer, there is no belt of calms, but after passing to 
the west of about 140th meridian of east longitude in 
Winter ‘and the 180th meridian in summer another socalled 
belt of calms is encountered, which is alsb V shaped with 


its pointing east and’ with its base néar the Asiatic 


One and aon the most important reason for the 
calm areas’ being of greater’extent on both sides of the 


the Nese from W. Werenskiold, “Mean monthly air transport 


Constaney of northeast trades—It can be truly said 


that they blow continuously from somewhere between 
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northeast and east within the central portions of ‘their 
areas. Along theirsouthern boundaries (in the Northern 
Hemisphere) there is some overlapping of ‘the southeast 
trades, which for short periods occasionally prevail’ in 
places where the dominant wind is from the east or 
northeast. On their eastern boundary north winds are 
frequent, and the prevailing direction there is probably 
between north and northeast. On: their western and 
northern boundaries winds other than northeast occur 
quite frequently, but their total percentage is much less 
than the percentage for northeasterly winds. Within 
the entire area the most infrequent winds are those 
between southwest and northwest, and their percentage 
is so small as to be scarcely worth mentioning, though it 
is well to know that they sometimes do occur along the 
ages and western boundaries of the Northeast trade 
eit. 
HORSE LATITUDES. 


In the North Pacific there is no belt of calms in what 
are known as the horse latitudes.’ ~ 
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Fic. 6.—Areas of calm in the North Pacifie, January 


It is true that during summer months calms are more 
or less prevalent between the parallels of 30° and 40° 
north, especially in the middle part of the ocean, but at 
no time are they prevalent over its entire breadth in 
these or any other latitudes. During the winter months 
they are practically absent. 


30/25 20) a8: 2) | 22: 26 32/24: 19 
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Fra. 7.—Areas of calm in North Pacific, July 


In determining the prevalence of calms 15 per cent has 
been taken as a minimum number in a single month. 
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All areas having 15 per cent or a greater number of 
calms have been classified as areas with frequent calms. 

Figures 6 and 7 show these areas for the months of 
January and July. | 

The foregoing presents in outline the essential features 
of atmospheric pressure distribution in the Northern 
Hemisphere and the prevailing winds resulting’ there- 
from. The latter are for the most part derived from 
ships’ observations as compiled and a by the 
Weather Bureau and the Hydrographic Office of the 
Navy Department. 

In the succeeding section the prevailing winds as 
recorded by instrumental means on certain islands of the 
Pacific will be presented and discussed. — 


Cuapter II 
SURFACE WIND DIRECTION 


Honolilu.—Honolulu, N. Lat. 21° 7’; W. Long. 157° 
54’, is situated on Oahu Island and on the leeward side 
of the Koolau range of mountains, which vary in altitude 
between 1,200 and 3,100 feet above mean sea level. 
This range is precipitous on its windward side and its 
trend is northwest/southeast, thus squarely facing the 
northeast trades of that part of the Pacific. These winds 
sweep through the passes of the range with high veloci- 
ties, after which they spread fan shaped over the more 
level, leewara slopes upon which Honolulu is situated. 
(See figs. 8 and 9) 

As the trades cross the mountains before reaching the 
wind-recording instruments of the Honolulu Weather 
Bureau station, an allowance should be made for inter- 
ference by land masses in both direction and velocity 
when considering their records. 

A table has been formed which shows both the per- 
centage of winds recorded from the eight principal points 
of the compass and the percentage of northeast and east 
winds for each month. 


TaBLe 1.—Perce of winds from the eight principal points 0, 
the compass and (below) percentage of northeast and east wi 
for each month of the year ae 


N. | NE. E. SE. 8. sw, WwW. | NW. | Calm 
4.3 | 47.5 34.3 3.3 3.3 3.5 20 | 14 | 03 


Jan, | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept: | Oct, | Nov. | Dec. 


63.0 | 65.9) 820) 83.5) 924) 955) O43) 908) 817) 830) 73.6 


This table shows that the northeast and east winds at 
Honolulu form about 80 per cent of the total winds and 
that the northeast trades are most frequently inter- 
rupted in winter and least in July and August, when they 
blow almost. continuously. 

The same data in another form are presented in Table 2, 
which shows the number of hours of northeast and east 
winds that prevailed at Honolulu for each year of, the 
period 1905-1924, as taken from the automatic records 
of that station. The wind instruments were given a new 
exposure when the Weather Bureau office was removed 
from Young’s Hotel to the Federal Building in May, 1922, 
and from that date onward the duration of the east wind, 
which had progressively increased at the old exposure as 
shown by five-year averages, increased at a much more 


rapid rate, as shown by Table 3. 
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northeast and east, period 1905-1924 . . 


- 

Number Number 
of hours of hours | Per cent | Per cent 

| from from from E. NE E. 

NE. * |and NE. 

5, 400 1,711 7,111 75.9 24.1. 
4006 ok la ee 4, 698 2, 028 6, 726 69.8 30. 2 
1007. 4, 735 2, 188 6, 923 68.4 31.6 
4,975 2, 569 7, 544 65.9)... 341 
1900 4,391 2, 861 7, 252 60. 5 | 39. 5 
1916. 5, 495 1,891 7, 386 74.4 25. 6 
1911 a 4, 759 2, 463 7, 222 65.9 34.1 
1913 3, 3, 041 6, 948 56.2 |. 43.8 
1914 4, 205 2, 571 6, 776 62.1 37.9 
4, 680 2, 583 7, 263 64.4 35. 6 
1916_-. 4, 664 2, 573 7, 27 64.4 85.6 
WONT 3, 906 2, 847 6, 753 572.8 42.2 
3, 981 8, 265 7, 246 54.9 45. 1 
1919. 4 3, 825 3, 489 7,314 52.3 |: 47.7 
1920 3, 526 3, 631 7, 157 ae 50.7 
3, 492 3, 857 7, 849 47.5 52.5 
2, 604 4,877 7, 571 64.4 
1923... 8 2, 506 4, 554 7, 150 36.3 63.7 
1924. 2,336 4, 697 6, 933 33.7 66.3 
‘Total... 83,288 | 60,004 | 143,382) 1,1621 837.9 
Average 4,164.4} 38,0047 7,160.1). 580 42.0 


1 Wind instruments in new location on Federal Building May 1, 1922. _ 


TABLE 3.—Five-year average annual duration of northeast and east 
winds at Honolulu, 1905-1924 


Years Northeast] East 

Hours | Hours 
1909... i 4, 840 2, 271 
1910-1914... 2... 4, 678 2, 493 
1915-1919_ 4,211 2, 951 
1920-1924... 2,929; 4,303 


The above five-year averages indicate that east winds 
increased in about the same proportion that northeast 
wind decreased and that following the change in the 
exposure of the wind instruments in 1922 the average in- 
crease was a little more than tripled; thus one can 
hardly escape the conclusion that the influence of an 
unknown factor, which probably existed before the 
change in exposure, was Freatly increased by the change. 
It is nevertheless possible that a progressive, although 
slight, change in the average track of anticyclones in the 
Northeast Pacific may have caused the changes in wind 
direction under consideration, ‘There is, however, no 
readily available information as to the tracks pursued 
by anticyclones for the years in question. 3 
TaBLE 4—Monthly prevailing wind direction at Hilo, Hawaii 

1 


905-1924 
Year | Jan. | Feb, |Mar.} Apr. } May | June | July | Aug. | Sept.) Oct. |.Nov.| Dec 
ne. | ne. ne. | me: me, ne, ne. | n, 
je nm, fe |e je BD... | ne. | 
sw. |} se, | | ne. jm. -| ne | nm jn ne. | |n-nw. 
n. n n n. née. | ne. | ne. | ne-| ne. 
se. 
1010... ne, | ne. | ne, | ne. |; ne, | ne. | ne. | ne ae eee ne. | ne, 
1011.20. 8. ne, | ne,’ née. | ne, | e. ne. | ne. | ne. | Se. | se. 
1912... ne, e@. a. he. | ne, | ne. |...... ne. | se, nw. 
n. 6, n. é. e. ne. | ne, | ne. | ne. | ne. 
n, e. e. ne, | e. e. Dy | 2. e. 
1916... | ne. ne. je. |e. WwW. | ne. | se. 
ne. | ne. | 'sw.. €. . se., e. ne, 
e. ne. | 6. e. née, | ne. ne. | ne. | ne. 
1919... ne, ne; | ne, me, jne. | ne | ne. | ne. ne, ne. 
e. 8. 6. jne. |e. fe. ne, | | ne. 
1921... 88. @. nw. jaw. [ne in fm je in ja. 
1922... me. |e. | me, | ne. je |e. | m. me. | me, | ne.. | ne, 
1923... n Th 16 mn. | nm. | ne. |e. 
ne, |e | me | ne. | tow 
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TABLw/2.—Number of hours each year the wind at Honolulu was 


Surface winds at Hilo.—At this station the observer 
has no wind vane, although he records daily at noon 
the: direction of the prevailing wind for the preceding 24 
hours in accordance with his observations from time to 
time. A record of this character can not have the same 
value_as one made by automatically recording instru- 
ments, as at Honolulu. From the daily records made at 
Hilo the prevailing direction for the month is obtained. 
A table of prevailing directions for each month of the 


- period 1905-1924 is given in Table 4. 


The record of Hilo surface winds supports the belief 
that there has been an increase in the number of east 
winds and a decrease in northeast winds in the last five 
years as compared with the first five years of the period; 


thus: 


Number of 

months 
With prevailing east winds, 1905-1909___._.....__...._- 7 
With prevailing northeast winds, 1905-1909__.._....__..- 15 
With prevailing east winds, 31 
With prevailing northeast winds, 1920-1924.____._...___- 12 


TaBiE 5.—Monthly and ere wind direction at Midway 
8 


Year | Jan. Feb.|Mar. Apr.| May} June; July | Aug.|Sept.| Oct. | Nov, | Dec. | Year 
1917. ne. | 6 ne. | De. | Me. | ne, | ne, | sw. 
1918_...| SW. | ne. | ne. | me, | ne, | ne. | e, se. se. ne. | ne. | se. ne. 
1919....| sw: | Sw. | Ne. ne; | nme, | me, | ne. | me, | me. | aw. } me. 
1920....| nw.|} | ne. | ne. | se. | e. se. ne. | ne. |e ine ~e, 
1021....| ne, | | ne. | nwij e, ne, | me, | ne, | ne. | ne. | Be, 
1922....| 8. | | me. | me,|s. | me. | ne. | se. | ne, | a. | ne, 
1923....! | me. | ne, | se. | se. | ne, | ne, me ne. | ne, 
1924...) Sw, | SW. j.8e. | me, | ne. | ne, | me, | ne, | ne. | ne, | nw, | mw..| ne. 

Av..i| sw. | me, | ne, | ne, | ne. | ne. | ne. | ne 


Year | Jan.| Feb.|Mar.|Apr.| May | June) July|Aug.) Sept.; Oct. |Nov.|Dec./ Year 
1920. | se. | sse.| Sse,| sse. | ese ane.| ne. | sse. 
1921....| ene.} ene.) ne. | ese. ene. | | 8. se. se ne, | ene. 
Ne. | ene.) eSe, | mne.| | ese.| se, ene. ene.! ene.| ene. 
1923_...| | | ene.) ene.| 6, ene.| ese. } sse. sse. ene.} ene. 
1924....) eme.| ene.) ene.) ene.) 6. ene, | ese,| ese.| nne. | ese. ene,} ene.| ene. 
1926_...| ene.| ene.) ene.) ene.) ne. ene. | | Ss. | | Sse ese;; | ene. 
AvV...] ené.| ene.| ese.-e.| ene. | e. | ese. ene.| ene.! ene. 


Midway and Guam.—The records at these places do 
not begin until some years after those of Honolulu and 
Hilo and can not therefore be utilized in this discussion. 

Eureka, Calif.—lf the center of the North Pacific semi- 
permanent anticyclone has on the average occupied a 
more easterly position than usual, as argued from the 
Honolulu records, then the winds along the California 


. coast, should have veered slightly from the northwest to 


the northeast: The record for Eureka is used to support 
or disprove this belief. . 
The Weather Bureau station at Eureka, Calif., is 


situated 2 miles distant from the Pacific, the town of 


Eureka being on an arm of the sea, Humboldt Bay. 
There are no obstructions to the north nearer than 
Trinidad Head, 18 miles distant. The wind vane is 
exposed 89 feet above ground and 137 feet above mean 


~sea level. The record at this location has been kept 


since January 1, 1911, only. The station was formerly 
located about 1,000 feet NNW. of its present location and 


- the elevation of the vane above ground and seal level, 


respectively, was 78 and 104 feet. 
t is not thought that this chanze in the location of the 
wind vane has in any way affected the record, although 
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£ Taste 6.—Monthly and annual prevailing winds at Guam, Pacific 
Ocean 
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Year Jan. |Feb,|Mar.| June | July Aug. sen. Oct. |Noy.| Dec.| Year 
se, | Se. | Se. | De | | RW. MW, | DW.) Me | Se. | Se. 
1907..-...-. 8, Sw.| Se. | D. | DW. DW..| DW, | DW. OW.) Se. | BW. 
Se. | Se, | | nW.| DW.) nw. | nw. | ow. Se. | 
Se. | Se. | | BD. | BW. | MW, | DW. | DW. | Se. | | 
se. | SW.| | Se. | | n. n. Se. | Se. | | 
se. | | | Se. | n. n. n. | 2. Sw. | se. | 
Se See nw. | nw. | | Se. | | Se. | 
Se. | S&. | | | SW./ n. n, | Se. | 88. | 
Se. | Se. | Se. |. Se. | n. Sw. | SW.| 2. Se. | Be. | D. 
se. | Se. | Se. | n. sw. | se. | Se. | 
Se. | Se. | Se. | n. Sw. | Se. | 
se. | Se. | | | | nw. | UW. | Se. | 86. | Se. | 
se. | Se. | | | DB. nw. | DW. | nm. | Se. | So. | Se. | 
se. | 88. | | | n. mw. |. | | Se. | Se. | n. 
nes se. | 86. | | | nw. | nw. | se. | Se. | Se. | 

Average._| se. |e. > 12. im nw. | nw. Se. | Se. | D. 
4 


several suspicious circumstances have been developed in 
the record, as will be referred to later. 

Table 7 presents the monthly and annual record of 
prevailing winds at this station, 1905-1925. 


TaBLE 7.— Monthly and annual prevailing winds at Eureka, Calif. 


1 Office moved; first observation in Federal building Jan. 1, 1911. 


The method of computing the prevailing wind ‘as given 
in the above table was:changed in 1917; up to that time 
but two observations per day (8 a. m. and 8 p. m., 75th 
meridian time) were used, but for subsequent years the 
direction at each of the 24 hours was taken into account. 
The prevailing direction for the month was obtained from 
the daily results. It is doubtful whether the first. part 


of the table is comparable with the second. Since the 


change in the exposure of the wind vane at Eureka was 
made 6 years after 1905, the beginning of the record, it 
is convenient to form 6-year means for the entire period 
in order to see whether the results prior to the change 
are in substantial agreement with the results subsequent 
thereto. 

The complete record for the 21 years, giving the num- 
ber of times in each year that the wind was observed 
dag from the north, northeast, etc., is presented. in 

able 8. 


8—Number of times’each year at Bureka, Calif. the wind 


was observed blowing from specified directions 


Direétions 
Year Calm 
Ww 

138; 31] 104! 95 133! 14 
164| 26] 48| 12) 76} (1444 15 
153} 42] 207| 88| 70 | 148 3 
160|. 42] 36] 147| 85| 110| 7 9 
134} 56) 261136) 80} 100} 60) 79 9 
148| 40) 151). 84| 117| 53! 88 6 
159! 37) 128] 54| 48| 64 
we. 32} 48| 120| so| 98} 65 
165 34) 185} 98) 56) 90) 
185.| 34] 105|-53| 87| 52) 1123] 
43} 37] 105| so} 48) 82 
174| 38| 37] 13] @| 32 


1 Office moved; first observation in new (Federal) buflding Jan. 1, 1912. 
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From the above table I have computed the averages 
for three six-year periods and one three-year period. 
The results are shown in Table 9. 


TaBus 9.—Wind direction at Eureka, Calif., combined in six-year 
averages and one three-year average 


N. | NE.| E. | SE.| S. | SW.| W..|NW.|Caim 


180} 441 130} 81} 98} 65} 79 8 
1917-1925 -| 174] 38] 30) 122): 92) 8B} 99] 
108-1096, 194 | 30] 105} 56| 78) 47); 
174} 87} 1233) 69) 90] 60| 99 32 


The six-year averages, 1905-1910 and 1911-1916, 
which include the results previous to and immediatel 
after the change in the exposure of the wind instruments, 
show variations that point to a local influence effective 
after the change, that was not operative previous to it, 


_as, for example, the pronounced drop in the number of 


northwest winds and increase in north winds, etc. No 
evidence is at hand that would indicate that the two 
sures were similar. 
t is concluded therefore, that the Eureka record is 
not. faultless. ? 
INFERENCES 


What inferences can be drawn from the change in the 
ssuming, for the sake of argument, that the rgd 
is real and not apparent, I offer the following: That the 
center of the highest monthly pressure over. the North- 
east Pacific, that is, the center of the North Pacific anti- 
cyclone, will be found in a more easterly longitude and 
possibly more southerly latitude than formerly. As a 
result the barometer at Honolulu should average slight 
higher at the end than at the beginning of the patlod. 
The first five-year period gives an average pressure of 
29.989 inches and the last 29,985 inches; thus there being 
practically no change at Honolulu the shift of the center 
of the North Pacific anticyclone must have been to the 
east, a change that could take place without affecting 
the pressure at Honolulu; but it would cause a slightly 
higher pressure along the northern California coast. 
The station pressure at Eureka, Calif., 1905-1909, 
averaged 29.997 and in 1920-1924, 30.036 inches,.or an 
average increase of 0.039 inch, and this difference is 
allocated to seasons as follows: Winter, + 0.092; spring, 
t 


 +0.048; summer, + 0.018; and autumn, — 0.003 inch.. 


so happens, however, that there was a similar rise of 
ressure, not only at Eureka but at nearly all stations 
rom San Diego, Calif., to Tatoosh Island; Wash. » The 
amounts are as follows: Tatoosh, 0.030; Roseburg, 0.038; 
Salt Lake City, 0.009; Winnemucca, 0.016; Los Angeles, 
0.014; Fresno, 0.008; Sacramento, 0.022; Red Bluff, 
0.022; at San Francisco there was no change. “Thus we 
are confronted with the evidence that the rise in pressure 
may have been of continental rather than of oceanic 
origin. There seems to be no way of deciding definitely, 
although a consideration of the precipitation may aid to 
a very slight degree. High pressure and deficient pre- 
cipitation go hand in hand in Pacific Coast States.- 

It is generally known that rainfall on the Pacific coast 
has been deficient for a number. of recent years, 
examination of the records of 26 stations for ‘the years 
1905-1909 shows that the precipitation was generally 
deficient in those years, but not to so great a degree as 


in the years 1920-1925. Again the evidence is ‘not 


definite either for or against the proposition. - 
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Higher temperature at Honolulu.—The north equatorial 
current flows. from east. to west in the latitude of the 
Hawaiian Islands. If the wind which causes this cur- 
rent has changed from northeast to east in the region of 
Hawaii and thence eastward, of which there is no. evi- 
dence at hand as to how far to the eastward of Honolulu 
the change extended, then there should be a slight rise in 
the temperature of the surface water flowing by Honolulu 
and consequently higher temperature at Honolulu. 

The average annual mean temperature of Honolulu, 
1905-1909, is 74.2° and for. 1920-1924, 75,0°. or 0.8° 
higher ye A the Pn hs period as compared with 
the first. eteorological changes may be due-.to several 
factors, and it will require further information before the 
most probable cause of the higher temperature can be 

Effect of cold upwelling water —The temperature of the 
ocean surface water west of the California coast is rela- 
tively low owing to the = of abysmal waters. 
alte claims that the effect of this — extends 
to a distance of 300 kilometers (373 miles) from the 
coast at Mendocino, in N..lat..40°, and to a distance of 
2,100 kilometers (1,305 miles) off the coast at San 
Diego. In a personal communication Doctor McEwen 
informed the writer that “‘This upwelling is a local 
phenomenon, dependent. upon the Pacific although 
the source of the upwelling water is probably Antarctic. 
This supply probably slowly drifts northward from the 
Antarctic along the bottom. as needed to supply the defi- 
ciency of water due to surface flow away from the Cali- 


fornia coast by the winds about the North Pacific niau. ~ 


As previously shown (see fig. 3), the geographic posi- 
tion of the North Pacific anticyclone has a regular seasonal 
meander, being nearest the California coast in winter and 
farthest away in summer. So far as known there is no 
direct relation between the upwelling and the annual 
migration of the anticyclone. One would expect that 
the least upwelling along the California coast.and nat- 
urally the warmest surface water would be experienced 
in late summer, when. the. anticyclone had reached its 
farthest northing. 

Ocean surface-water temperatures would be helpful in 
determining whether the rise in temperature at Honolulu 
is properly chargeable surface-water tem- 
perature. 

In this section records.of the sprepeiling wind direction 
on certain islands of. the Pacific in the region of the 
trades have been presented rather fully. These show 
good agreement with like records obtained from ships at 
sea; they show, moreover, for Honolulu and Hilo at 
least, that there have been slow but progressive slight 
changes in the general direction of the trades, viz, that 
the easterly component in these winds has increased, 
particularly in the later years of the record. 

The true explanation of this increase is not at once 
apparent. It may have been due, as postulated in the 
discussion, to a change in the average pressure distribu- 
tion whereby the locus of maximum daily and monthly 
mean pressure has shifted to a more easterly point on 
the ocean, or it may have been due to local land-surface 
obstructions which at presént can not be delimited. 


IIT 
AVERAGE VELOCITY OF NORTH PACIFIC TRADES 


According to the Pilot Charts, the average velocity of 
the North Pacific trades is force 4 on Beaufort scale, 
which is equivalent to about 20 miles per hour. In 
winter and spring there are quite a number of squares 
on the Pilot Charts having force 5 Beaufort, about 25 
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miles per hour. .Only on three. of the squares is a force 
as high as 6 recorded. . Force.6 is equivalent to about 31 
miles per hour.and. it occurs once in April and twice in 
November. The one casein, April and one of the two 
cases in November are located in the extreme east por- 
tion of the 'trade+wind belt, and the other one in Novem- 
ber is located atthe western extremity or in the northeast 
monsoon area of the Asiatic coast. 

Increase in ‘velocity toward the Equator —Mitham in 
writing about the trades states, “‘As they approach the 
Equator the velocity steadily increases.” This of course 
does not apply to the western portion of the North 
Pacific trade-wind belt, as the winds in that region are of 
monsoon character, having their cause in the Asiatic 
winter anticyclone. They blow across the Equator and 
in the midwinter extend as far as Australia. tn the true 
North Pacific trade-wind belt there is a slight tendency 
for winds to. increase in velocity on approaching the 
Equator, but it.is not. well defined, probably because of 
lack of exactness.in the record. 

While the Weather Bureau station at Honolulu is not 
advantageously situated as regards the measurement of 
the true speed of the northeast trades in that part of the 
Pacific, yet the record has its value and is presented in 
Tables 10 and. 11, the first giving the total travel from al! 
directions and the second from the northeast and east, 
the trades only. 


Taste 10.—Total monthly and annual wind movement in miles at 
Honolulu, Hawaii, period 1905-1924, inclusive 


a 
Year |Jan.| Feb.|Mar.| Apr.|May| June |July |Aug,| Sept, | Oct. |Nov. Dee. 
, 05614, 406/6, 30217, 21316, 6, 21116, 52/6, 653 6481/5, 6226, 070\74, 603 
1906... .2.....|7, 24815, 21216, 79616, 187/6, 6, 0128, 52816, 577| 5, 80815, 91315, 375.8, 112176, 492 
5, 626/5, 910)7, 92516, 98215, 578| 5, 58816, 42216, 766) 5, 3546, 06516, 822'5, 060/74, 098 
42215, 201/5, 33217, 37416, 6, 45216, 21015, 994| 5, 74115, 37915, 656 7, 666/74, 047 
95616, 21618, 29/5, 46616, 535| 6, 42316, 82516, 537| 5, 974/6, 04714, 870 6, 136/76, 214 
7, 32214, 75216, 32416, 699/6, 363] 6, 43416, 21016, 319} 4, 05215, 362\5, 804 6, 072/71, 712 
7, 51016, 37914, 73415, 27015, 9441 6, 44016, 547\5, 736] 6, 092(5, 11616, 438 6, 301/73, 207 
5, 51115, 95516, 40417, 17416, 460] 5, 80815, 15/6, 125! 351/6, 18616, 003/68, 373/72, 5G1 
5, 19215, 4215, 95218, 247|5, 154) 5, 798|5, 98315, 929) 5, 300/4, 25917, 2605, 346,69, 851 
7, 30813, 64418, 75216, 40516, 680| 6, 44816, 615|7, 405| 6, 84016, 14816, 049'5, 208174, 550 
6, 62016, 25515, 63016, 084/5, 276] 5,93515, 80016, 5, 4466, 95016, 687.6, 187173, 313 
6, 64815, 00817, 47316, 431/7, 270] 6, 90216, 10/6, 5, 50015, 440 6, 204'6, 820175. 982 
1917... 6, 04915, 32315, 694|5, 49614, 761) 5, 39916, 21115, 806) 5, 583/4, 594)5, 260 5, 644/65, 934 
6, 21415, 94917, 12116, 046| 6, 28617, 04816, 172| 5, 2816, 49116, 7867/8, 092177,.067 
6, 45216, 88415, 35116, 272| 5, 146/6, 35616, 6, 19815, 5414, 609 5, 472170, 554 
5, 19415, 65716, 0894, 521| 6, 37715, 95616, 339| 6, 309\5, 856)5, $27/7,. 063/70, 640 
\4, 66416, 01917, 54814. 565] 6, 116/6, 721|5, 893] 6, 718'5, 2786, 31718, 365174, 257 
6, 82116, 20816, 34416, 330}16,575| '5, 00916, 66216, 128) 5, 960|5, 058.5, 35514, 272170, 831 
1998 7, 82716, 19116, 60316, 761} 6, 662/6, 86415, 964| 5, 38515, 736,6, 065'6, 380/78, 865 
5, 096'5, 089)5, 997/4, 929)5, 122) 5, 043'6, 647\6, 740) 6, 062/6, 304'5, 315.5, 213/67, 555 
Means.....'6, 376)6, 2196 48215, 985! 6, 301) 5, 7235, 06, 0200, 195/72, 859 


! Velocities reduced to the old elevation from May 1, 1922, to December, 1924, inclusive. 


TaBLeE 11,—Total monthly and annual movement in miles for north- 
east and east winds only, at Honolulu, Hawaii, period 1905-1925, 
inclusive 


| 
Year Jan. |Feb. Mar Apr. May June Fly Oct. |Nov.|Dec. 

2, 308/4, 77016, 307)5, 904'6, 9086, 042/4, 361 (5, 221/62, 626 
2, 926/2, 675/2, 718)5, 24415, 996)5, 204'6, 465/6, 487/5, 763)5, 349/4, 25914, 081/58, 067 
1, 48913, 821/7, 17116, 019/3, 842/5, 09816, 0901/6, 50714, 557/5, 441/6, 082/4, 202160, 510 
- 5631/4, 04012, 494'6, 88816, 37616, 44516, 155|5, 701/5, 52914, 902/4, 91517, 504 66, 480 
4, 48014, 78517, 590/3, 91916, 126/6, 316.6, 614/6, 46915, 632/5, 277/4, 023/53, 586\64, 825 
1910 6, 747/3, 246|5, 708 6, 522|5, 679)6, 883,5, 98916, 077\2, 575|4, 69615, 1864, 567}63, 325 
1911 4, 556/4, 620)2, 368/5, 025|5, 563/6, 39416, 3585, 52316, 001|4, 25/6, 136'5, 926,62, 095 
1912 1, 92013, 73015, 73417, 06716, 17115, 37415, 08415, 6590/4, 9590/6, 115\5, 753!6, 527 
1913 24612, 719/4, 887 8, 18813, 95415, 221|5, 786}4, 989 4, 734|2, 757 /6, 625 3, 780 56, 786 
194 198)1, 627|2, 5984, 161/6, 033'6, 3290/6, 4465/7, 274 6, 646'5, 781/5, 140:2, 060 60, 287 
1915 966'5, 953'3, 2134, 894/3, 9915, 45015, 70216, 213/5, 236 6, 8186, 0254. 054 61, 423 
1916 20/3, 0085/5, 380\5, 46/7, 05816, 763 6, 012)5, 852.5, 232.4, 263 6, 101 6, 011,63, 413 
585|1, 36014, 368 4, 605/3, 71615, 274 6, 151|5, 60015, 28413, 58614, 54212. 355150; 666 

185|4, 470)5, 226 6, 07415, 34315, 737 6, 979|5, 914 4, 672\5, 992)5, 2665/7. 736 66, 593 

658)5, 8915, 270:4, 731)5, 750/4, 772.6, 31216, 227/5, 404/4, 709|3, 5112, 882/60, 117 

459/4, 649|4, 6838/4, 646|2, 148/6, 109/5, 77016, 220 6, 280)5, 467\5, 61015, 286.58, 341 

434|2, 34914, 620,7, 043/3, 161)5, 950 6, 675)5, 831 6, 678)3, 98015, 73015, 41% 64, 870 

106 5, 7585, 425 5, 568 6, 39216, 047 5, 61815, 45814, 412'3, 650 65, 416 

5, 90611, 74514, 717 5, 325/6, 24016, 53116, 831(5, 626.5, 183/5, 357|5, 714/4, 730163, 595 
3, 625:3, 89915, 075 3, 380/4, 614/4, 719'6, 606/6, 6326, 044'6, 154/4, 081'2, 082156, 913 
5, 5782, 582\6, 1417, 068/6, 310.6, 438 5, 163/7, 000.5, 218)5, 817\1, 413/61, 731 


Means.....-l4, 146 3 746 5, 6505, 2705, 7516, 1616, 1245, 3705, 0238/5, 2065/4, £08 563 


Pt tere ‘reduced to the old elevation from May 1, 1922, to December, 1925, in- 
ve. 
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The above tables show that there were two 12-month 
periods of large wind travel, the second of which was 
preceded by one of small wind movement, thus illustrat- 
ing a rule of nature that one extreme is quite generally 
followed by another in the opposite direction. These 
three periods are segregated in the exhibit below. 


Total, all| Per cent | North- 
Periods direc- | ofaver- | east and | Per cent 
: tions age east only 
12 months ending— Miles Miles 
1000 78, 530 108 71, 270 
78, 500 108 69, 531 113 
19180 65, 485 90 50, 266 82 


Without attempting to assign cause for the pro- 
nounced decrease mn wind travel of 1917-18 as compared 
with other years, it should be recalled that total wind 
movement the world over is known to vary from year to 
year and to a degree commensurate with that shown 
above. The annual wind travel at Eureka, Calif., in the 
15 years, 1911-1925, with the same exposure of the wind 
instruments throughout the period, varied from a maxi- 
mum of 107 per cent to a minimum of 88 per cent. San 
Francisco for the same years varied from a maximum of 
121 per cent to a minimum of 89 per cent. The year 
1917 on the Pacific coast was one of generally small wind 
travel. Unfortunately data of wind force or travel over 
the ocean are not available, although the opinion is 
ventured that there also the wind travel in 1917, as at 
Honolulu, was less than the average. 

The significance of the decrease can not be evaluated, 
since the phenomenon is one of rather general occurrence. 
The one fact which stands out in this analysis is that both 
ee and decreasé are confined to the northeast 
trades. 

On a previous page it was pomted out that the north- 
east trades are subject to periodical changes in speed, 
depending upon the passage eastward of anticyclones in 
the trade-wind belt. It is therefore an allowable infer- 
ence to associate periods of large wind movement with 
either a greater number of anticyclones or of greater 
intensity in individual anticyclones. 

The average wind travel at Honolulu, all directions, 
is 72,859 miles, that of the trades 61,553 miles, a differ- 
ence of 11,306 miles. In years of large wind travel the 
difference is less than the average, and in the single year 
of small travel the difference was 3,911 miles greater than 
the average, which seems to indicate that the trades dimin- 
ish more rapidly than winds from other directions and 
that when pressure distribution is favorable to an 
increase in the general winds the effect is most pro- 
nounced in the trades. 


THE WIND MOVEMENT, BY SEASONS 


Below is presented the total wind movement in miles 
per hour for each season for all directions and also for 
the trades separately. The average velocity in miles per 
hour has been added. This average was obtained by 
dividing the average movement by the number of hours 
in the season, neglecting the small differences that would 
arise from considering leap years. 


Wind movement in miles, all directions—Trades separately 


Spring | Summer | Autumn! Winter 


18, 746 18, 694 17, 403 18, 013 
Average miles per hour. 8.5 8.5 8.0 8.1 

baling 15, 666 18, 042 15, 609 12, 236 
Average miles per hour. p | 8&1 7.6 5.7 
Winds other than trades_..............-..... 3, 080 652 1,794 5, 777 
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The mileage, by seasons, for all directions shows great 
uniformity, autumn being slightly below the ‘others. 
Considering the trades ws however, it is ‘seen 
that summer is preeminently the season’ of greatest 
development of the trades, as elsewhere mentioned. | If 
10 be taken to represent summer, then the seasonal 
ratios are spring 9, summer 10, autumn 9, and winter 7. 

Table 12 is presented to show the total: movement of 
northeast and east winds for each month of ‘the’record, 
expressed as percentages. The figures 75 for’January, 
1905, signify that the trades for that month were but 75 
per cent of the average for January. In like manner the 
figures for the annual movement for 1905, 102, indicate 
that the trades for that year were 102 per cent of the 
average for all years combined. Other details'‘can be 
gleaned from the table as may be desired. iz 


TasLe 12.—Monthly and annual percentages of the total ‘movement 
of the wind from the northeast and east at Honolulu, -period 
1906-1925 


Year Jan.| Feb. Mar.| Apr.|May| June | July! Aug.| Sept.) Oct:/Nov.| Dec. 


75 | 64) 90/| 120 | 120} 102 107 | 110} 120 116 102 
114 90.| 105 | 106 | 106 110 94 
73 108 85 | 108.) 117 98 
121 | 112} 100 93 | 103°)’ 97 166'| 108 
116 | 107 106:} 105 | 106 
108; 110{ 97 48 | 90 | 100 | 101 103 
106 | 111} 103 | 112) 984} 131 102 
117 93 | 82.) 92 92 | 122°) 111°}. 133 198 
75 91; 93) 81 88 | 55} 127 
113 |, 120 | 105 |. 119.) 124/115 | 99; 68 98 
74 95} 93 |.101 97 | 136} 116; 90; 10 
134} 117 | 98] 96 97 | 85 | 117} 133 101 
71 92 | 100 | . 93 97) 71) 87) 457 82 
100 | 1134 97 87 | 119 | 101 | 172 108 
109 $3 | 102) 1024 101 67 | 64 98 
41 106 | 94/ 102; 111 | 100 | 108 | 117 95 
60 | 103} 108 | 95) 124) 79) 110) 120) 105 
121 104}. 99; 105) 109 79 106 
118 | 113; 119) 92 96} 107 | 110 | 105} 104 


8 
8 


88 73) 46 
120; 112; 84|-114 93.| 64) 112/31 10 


1 Reduced to old elevation from May 1, 1922, to Dec. 31, 1925, inclusive. 
AVERAGE HOURLY WIND VELOCITY AT HONOLULU 


The average hourly wind velocity at Honolulu for 
each month of the record, 1905-1924, is given in’ Table 
13, and the same information for the trades is given in 
Table 14. 

The information in the last named has been graphed 
and the result is presented in Figure 10.» “4 


TABLE 13.—Average hourly wind velocity in miles per hour at Hono- 
lulu, Hawaii, period 1906-1924, inclusive 


Year Jan.|Feb.|Mar.| Apr.|May| June July|Aug.| Sept.| Oct.iNov. 

81/66/85 86/88/89) 891871774 821 8&5 
1007. 7.6} 8.8 75) 78) 86191) 85 
8.6 | 7.6| 7.2 1102/88) 90/83/81) &4 
9.8) 891891100) 95183) &5 
7251/83/78) 7281621751 7.6) 75 
87195183) 723187104109) 8&8 
89/80/85] 8817.918219.5; 8&1 
2931. 10.8 | 69181/105}61) 85190179) 85 
92! 92192180) 75177186186) 84 
Average...| 8.6 | 7.9 | 8 4/| 9.0 6.0, 84/86 80177182183) 83 


! Reduced to old location from May, 1922, to“December, 1924, inclusive; ratio 10 
(old) to 117 (new). 
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a M. W. R. May, 1927. (To face p. 221.) 


Fic. 8.—Windward (northeast) side of Koolau Mountains looking toward Honolulu, on the other side of the range 


Fia. ee exposure at Midway Fia. 9.—Looking east-northeast from Weather Bureau office in Honolulu 
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Taste 14.—Average hourly wind. velocity in miles per hour for 
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Taste 15.—Average hourly wind velocity at Midway Island 


northeast and east winds only at Honolulu, Hawati, period 1905- 
1925, inclusive Year Jan. Feb (Mar. Apr.|May| June |July |Aug.| Sept. | Oct. Dee| 
Jan. | Feb.|/Mar.|Apr. |May} June |July |Au t.| Oct. |Nov.|\Dec.; 1921.....-..- 17. 4} 11. 14, 8} 16, 4) 14. 17, 
Aug. Sep nual 1922... 14.8 19. 4} 17.4} 14.8) 13. 5| 12.3] 13.0) 11.9} 11.0) 14.6 17.8) 18.51... 
17. 2} 17.2) 14.9) 11.2) 11.2 9.6) 8 7, 9.1) 12.3] 11.9) 147] 
13.7| 14.2| 13.3] 14.5) 10.4; 9.7] 15.8) 12.8) 18. 
7.6}63|8.7 1105/92] 88/91/91) 86 1925... 11.5) 15.5} 14.0) 18.8) 19.5} 11.6) 12.9) 9.9 9.4) 10.8) 13.8)... 
10.6 | 7. Avetage...|/14. 9} 17.8] 15.2} 15.3) 11.8} 10.7) 11,2) 11.1) 12.1) 13.5) 14.6) 97.2) 13.7 
90192178] TABLE 16.~Average hourly wind velocity at Hawi Mill, Hawaii 
10.3 a7 as 10.3 10.1 a5 Year Jan. |Feb. .| Apr:| May} June | July | Aug.) Sept. Oct, Dec. 
7.2186/9.0| 88/7.6164168| 8&2 ii 15.7 (14.9 |14.4 | 14.9 (11.6 [14.6 13.1 
1920 4.9 7.7 8.3 8.3 5.0 9.4 8.3 8.7 8.8 81 8.5 8.9 &1 1921 ee ee meee woe ee 15.7 9.8 11,2 14.3 8.3 15.4 16.8 13.7 13.4 10.3 11.4 11.4 
11.515.9|89 1109/59} 9.4/ 7.419.219.2 8.8 13.1] 7.5 | 60) 43 (12.5 | 14.2 (14.7 |14.9 | 13.0 |10.6 | 9.4 9.1 
10.0 9.818.919.4191 7.119.381 83 8.7 8.9 8.1 5.9 8.6 11.2) 7.5 |12.9 14.0 |14.5 }12.5 | 11.7 [11.6 | 10.3 
11.2 5.6 8.8/9.8 10.0 9.5 9.3 8.2 9.2 9.0 1 (10.9 {12.3 | 7.8 (10.4 15. 2 |12.7 112.3 | 8.3 | 10.5 
Average........|10.7 | 9.0 [10,1 } 94 [10.3 | 12.9 [13.3 [12.6 | 1.4 {10.1 [10.6 | 10.2 
Av, m. p. 3.8 | 8.5 13.8)42)3.7) 39/39/39) 37/35/39137) 39 ‘Taste 17.—Average hourly wind velocity at Guam, Pacific Ocean 
[Miles per hour] 
1 uced to old location from May, 1 to Dec. 31, 1925; ratio 100 (old) to 117 (new. 1 
Year Jan. |Feb.|Mar.| Apr.| May| June | July |Aug.| Sept. | Oct. Nov.| Dec. 
ly oF end £. W 85 19.9165) 7.1) 53187) 5.7/7.3 9.4 
Average__....... 66/64/7.6| 68/61/69) 82 
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Fic. 10.—Average hourly velocity, northeast and east winds at Honolulu 


The outstanding feature of Figure 10 is the steadiness 
of the trades, barring the years 1917 and 1918, when the 
Be oscillation in the 20 years occurred. 

n winter the trades are more or less suppressed at 
times, and accordingly winds from other directions have 
the greater velocity. 

In general the uniformity of the trades is not less 
apparent when the winds from all directions are combined 
in a single mean, as in Table 13. 


DIURNAL VARIATION IN WIND VELOCITY AT HONOLULU | 


The amplitude of the diurnal variation at Honolulu in 
January is on the average 4.5 miles per hour and in July 
6.2 miles per hour. The increase in velocity begins about 
5 a. m. and reaches a maximum between 1 and 2 p. m. 
in January and between 2 and 3 p. m. in July. These 
and other details can be drawn from Figure 11. 
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Fig. 11.—Diurnal velocity of wind, Honolulu 4 


Tables 15, 16, and 17 have been compiled from the 
rather short and somewhat fragmentary records at Mid- 
way Island for Hawi Mill on the island of Hawaii (N. 
lat. 20° 15’ and W. long. 155° 48’), and for Guam. 
The elevation of the ground is 600 feet above sea level. 

he elevation of the anemometer above ground is not 
known. This station is on the windward side of Hawaii. 


WIND VELOCITIES ON SHORE AND AT SEA 


During the summer when the trades are most pro- 
nounced at Honolulu, Hawi Mill, and Midway, these 
stations have 42, 64, and 56 per cent, respectively, of 
winds of force 4 Beaufort, which is estimated by seamen 
as the average velocity of the trades. At this season 
Midway is in the northern portion of the trade-wind 
zone and Honolulu and Hawi Mill near its center. It 
may be asked, What is the speed of the trades? Midway 
is a low, sandy, small ae and the anemometer there 
exposed should give very nearly true ocean velocities. 
(See fig. 12.) 

Honolulu, as previously stated, is on the leeward side 
of a high range of mountains, and consequently wind 
velocities are less: than over the ocean, but one would 
not suspect that they were less than half as much. 
Hawi Mill, on the windward side of a range of mountains, 
should receive nearly the full strength of the trades. 
The greatest velocity at the three stations here discussed 
is, however, that of Midway, viz, 13.7 miles per hour. 
That station, it will be remembered, is not at the center 
of the trade-wind belt. It would appear that an ever- 

6 of 15 to 20 miles per hour would be a fair value for 
the speed of the trades in the North Pacific. 


SUMMARY 


It has been shown that the frequency of the northeast 
trades at Honolulu during quite recent years has dimin- 
ished concurrently with an increase in the frequency of 
east winds at the same station and also at Hilo on the 
island of Hawaii, and a cause or causes have been sought. 

A consideration of the meteorological data of the west 
coast of North America and also of the islands of the 
Pacific nearest to the Hawaiian group does not lead to 
definite results. 

A study of ships’ observations in the North Pacific 
for the last 25 years is recommended as the most promis- 
ing field of investigation that may lead to a solution of 
the cause of the change as above indicated. 
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Taste 1.—Percentage of wind from different directions at different altitudes above Pearl Harbor, 1922, 1928, and 1924-—Continued 
SOMMER 

Direction | gurtace! . 2° 500 750 | 1,000} 1,500 | 2,000 | 2,500 | 3,000 | 4,000 |. 000 |. 6,000 | 7,000 |8,000 (9,000 / 10,000 
; Mee EEN hg meters | meters meters } meters | meters | meters | meters | meters | meters | meters | meters | meters | meters ; meters 
Number of Observations. ...0/..Liissn../)) 459 457 454 439 405 330 256 91 77 29 26 21 3 3 2 2 
NNE. to ESE.:...- SEP (066) 921), B25) BRL) 460) 
SSW. to WNW....-. 0.4 0.4 0 0.2 1,2 4.0 4.4 65} 20! 629] 99.9 100 100 100 
ENE. 36.8) 51.2) 686} 65.6) 45.7) 33.3) 23.8] 220} 182) 17.2 
bid. 10.5} 19.9] 20:5| 32.6) 466) 336) 26) 169 6.9} 15.4 
ESE 1.3 1.1 2.2 1.6 2.5 6.7 9.9) 143 3.4 3.8 hain 
SE 0.2 0.4 13 0.7 1.2 1.5 6.6 1.1 2.6 3.4 
ssw 0.4 0.2 0.9} 0.8 1.1 L3 $4 FE 
sw. 0.8 7.7 48). 33.3|. 66.7 100 50.0 
NNW 1.7 0.4 0.2 0.2 2 0.3 O04), L1 5,2 
al 
Number of 408) 390} 800} B45} 315| 250 47 39 8 6 
NNE. 10 EBB B4 822 8609 87. 74.9.) 67.6 53.1 46. 2 25.0 50. 1 -|~ 
24.1 45.4 47.9 44.1 35.1 19.4 15.6 10. 6 15.4 12.6 16.7 
Sew 0.7 1.5 2.3 21 3,4 6.3 7.2| 17.0 


At the surface, 80 per cent of the winds are from N. to 
E., with ENE. winds 30 per cent of the time;’ Winds 
from all the other points have occurred, but none more 
than 4 per cent of the time:’ ©” 

The moat DEYAIAt, winds at the 1,000-meter level are 
between NE. and E., with ENE. winds dominating. 
The percentage between NE, and E, is 76, and the per- 
centage of ENE, winds is 36. Winds from all the other 
directions have occurred, but the percentage of any single 
direction was not greater than 3. The main feature in 
ascending from the surface to an elevation of 1,000 
meters is, the decrease in the number of N., NNE., and 
NE, winds, and the inerease in ENE. and. E. winds, 
especially the E, winds, which have gained 22 per cent 
in frequency at the 1,000-meter level. 

At an altitude of 2,000, meters the Percentage. of the 
directions between NE. and E. is still dominant, but 
only amounts to 53 as against 76 at the 1,000-meter 
level. At, the 2,000-meter level, E. winds are the most 
frequent and their percentage is 27. At this level there 

as been a gain from the 1,000-meter level amounting. to 
5 ar cent in ESE, winds and 4 per cent in SE. winds. 
All the other directions have increased. their frequency 
slightly, except. those from NNW. which have the same 
percentage as before. From the foregoing it can be 
seen that the winds at the 2,000-meter level are more 
direction than they are anywhere else below 

at level, 


The figures for the 3, ineter level show the percent- 


ages between NE. and E, to be 38, with ENE, winds in 


the ascendency and their percentage 14, which is only one 
point ‘above winds from the-east.. The prevailing winds 
between NE. and E. have decreased im frequency from 
53 to 38 in going from the 2,000-meter to the 3,000-meter 
level. SE. winds now show a falling off in frequency of 
5 per cent, and the principal gains have been made by 
winds from a westerly quadrant, with their north and 
south components about equally divided. The varia- 
bility in direction at the 3,000-meter level is slightly 
greater than it is in the levels below. 

Directions in arcs of 90°.—There are too many factors 
involved to make practicable a further analysis for each 
of the 16 compass points, so the data have been assein- 
bled into four primary directions as follows: Winds from 
anywhere between NNE. and§E. are considered nerthi- 
easterly; those between .KSE. and S. as soutlieasterly; 
those between SSW. and W. as southwesterly; and those 
between WNW. and N. as northwesterly. This puts 
in one class-all the NE. trade winds, which are the most 
frequent, and the other groups fit naturally into this 
arrangement. 

In this system of groups their ratios, assuming the group 
of greatest frequency of winds to be 10, are as follows: 
NE 10, SE. 2, SW. 1, and NW. 1. 

All the percentages from the surface to the 3,000-meter 
level are included to obtain these ratios and they show 
clearly the dominating influence of the northeasterly group 
over all the others from the surface to 3,000 meters. 

Seasonal ratios of the most frequent wind directions 
aloft,—Assuming that 5. represents the greatest frequency 
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in wind direction for amy one season, the ratios for the 
different groups for each season are given in Table 2. 


TaBLe 2.—Ratio of wind directions for different seasons surface to 


3,000 meters 
Quadrants Spring | Summer | Autumn | Winter 
4 3 4 5 
5 1 2 5 


Table 2 shows that NE. winds are most frequent in 
summer, and winds from all other directions most fre- 
ueat in winter, except SW. winds, which are nearly as 
requent in spring as in winter. NE. winds are least 
frequent in winter and those from other groups least 
frequent in summer. From this table aviators can ascer- 
tain at a glance the seasons when winds from the different 
quadrants are most likely to occur. For example, SW. 
and NW. winds are rare in summer, but they do occur 
— frequently in winter, and SW. winds are almost 
equ 
more frequent in autumn than in spring. 

Altitudes of maximum and minimum frequencies, for 
four wind directions, by seasons—Next are presented 
Tables 3 and 4, showing the altitude of the greatest and 
the least frequencies of wind in the four groups by seasons, 
as obtained from all data available between the surface 
and 3,000 meters. 

Tables 3 and 4 show that when their frequency is 

atest the NE. winds have a low altitude and those 
rom the other directions a high altitude. It would seem, 
therefore, that the observations covered fairly well the 
NE. trade winds, which are most frequent in spring and 
winter at an elevation of 500 meters and in summer and 
autumn at 750 meters. They are much less frequent at 
all seasons at an altitude of 3,000 meters, and probably 
disappear somewhere between an altitude of 5,000 and 
6,000 meters, though during the summer months they 
may be experienced at higher levels. 


TaBLe 3.—Altitude of greatest frequency of winds during each season 
from surface to 3,000 meters above Pearl Harbor 


Altitude (meters) 
Quadrants 
Spring | Summer | Autumn] Winter 
500 750 750 500 
2,500} 3,000} 3,000 3, 000 
<p 3, 000 3, 000 2, 500 2, 500 
4.—Altitude of least frequency of winds season 
from surface to 3,000 meters Pearl Har 
Altitude (meters) 
Quadrants 
Spring | Summer | Autumn; Winter 
Surface. | Surface. | Surface. 250 
ER oid 750 750 500 500 


Winds from other than a northeasterly direction gain 
in frequency with altitude, but it is not definitely known 
at just what levels they reach their maximum frequency. 
In autumn and winter. the records show that westerly 
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as frequent in the spring, but NW. winds are: 
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winds are not quite so frequent at 3,000. meters: as they 
are at 2,500 meters. This is probably an error due to 
the scarcity of observations above 2,500 meters. It 
should be borne in mind, also, that during cloudy weather 
observations can not be made, and those we have were 
taken when clouds were insufficient to prevent the balloon 
from being followed to the conclusion of the run. At 
Pearl Harbor more cloudiness occurs with westerly than 
with northeasterly winds. 

Turning of trade winds with altitude. —The trade winds 
here generally turn to the right up to about 2,500 meters, 
when a reversal in the turning takes place, and they 
shift back to their former position. This phenomenon 
is also found in the United States, as noted by Gregg (3): 
‘Near the surface the turning of the winds is generally 
to the right, no matter what the surface directions ma 
be. * * * With west-northwest winds, through nort 
to northeast or east-northeast, the turning is. to the 
right, but small in amount up to about 1 kilometer, and 
then changes to the left’ at higher levels.” 

The Pearl Harbor record shows that the trade winds 
continue a slow turning to the right up to about 2,500 
meters before they change to the left. The turni 
probably is due to the persistency of the trade winds and 
to the enormous field they cover, which is much greater 
than the United States, where Gregg’s information was 
obtained. 

The loss in the frequency of the NE. trade winds above 
altitudes of 500 and 750 meters is largely compensated b 
a gain in the frequency of winds from a westerly quad- 
rant. The gain is made by winds having both a ma ev 
and a southerly component of nearly equal proportions. 

Neither temperature nor humidity data has ever been 
obtained in the upper ear: yon within the region of 
the North Pacific trade winds, so far as known by the 
writer; therefore the causes that. produce pressure grad- 
ients that in turn result in this loss of northeasterly and 
the gain of westerly winds at relatively low altitudes 
await further investigation before they can be definitely 
ascertained. 


GUAM: FREE-AIR WIND DIRECTIONS .. 


The report received from Guam (latitude 13° 30’ N., 
longitude 144° 56’ E.) of upper-air observations in the 
Pacific Ocean is not so complete as the one from Pearl 
Harbor. The observations were taken by aerologists 
attached to the United States Marine Corps. The mean 
monthly resultant wind directions for. the period 1921- 
1924 are presented in Table 5. 

The total number of observations is only 568 at the 
surface. They become gradually less up to the 1,000- 
meter level, after which they diminish rapidly to 234 
observations at 2,000 m. to 95 at 3,000 m. to 47 at 4,000 
m. and to one observation at 10,000 m. The fewness of 
the observations makes the means somewhat uncertain, 
et the steadiness of atmospheric conditions so near 
the Equator, and so far from disturbing influences of 
large land masses, may offset this drawback to some 
extent. 

The data can not be segregated into percentages for 
individual directions, as only the previdling winds aré 
given, and not the number of times each direction was 
observed. 

About all that can be said regarding these data is that 
from the surface up as far as the observations were made 
the prevailing winds are ENE. for more than half of the 
time. There were no months with prevailing winds 
from a westerly quadrant, except one W. at 8 ‘km., one 
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NW. at 7 km. and one NNW. at 5 km. Two of these 
occurred in September and one in October. It is quite 
apparent from these. observations, that the antitrades, if 

ere are any at such a low latitude, occur in this portion 
of the ocean only near the upper boundary of the tropo- 

5.—Mean monthly resultant wind directions at Guam, 

1921-1924 


28 < 5 3 vA > 
568. Sur. jene. je. jene, le. je. ese. jese. je. e. lene. je. ie. 
668._... 0.25 jme. jeme. jene. jene. je. jeno. je. se. jene. iene. jene. jene 
567 0.50 ime. jene. jene. lene. je. jeme. je. je ene. jenée. jene. jene 
0.75 Ine. jene. jene. jene. je. jene. je. ese. jene. jene. jene. jene. jens. 
1 lene. jene. jene. jene. je. jene. |e, ene. iene. jene. jene. jene 
15 jene. ne. jene. ene, je. lene. ene. jene. jene. jene. jene 
2 ene. jene. jene. jene, jene. jene. je. iene. jene. jene. jene. jene 
137_...- 2.5. Ine. jene. ene. jene. ie. ene. iene. jene. jene. jene. jene. 
jene. jene. jese. je. jene. jene. e ene. jene. jene. jene 
. jene. jene. ne. jse. ie. 


August is the only month with ESE. and SE. winds 
between the 250 m. and the 2,000 m. levels. Between the 
250 m. and the 1,500 m. levels the winds during May 
and July are E. while in the intervening month they are 
ENE. at the same levels. This is a singular phenomenon 
not easily explained. 

Table 5 _— no evidence of a turning of the wind with 
increase of altitude, although the ESE. and SE. winds 
outnumber slightly those from NE. and ENE. from the 
5,000 m. level up to: the limit of observations. 


COMPARISON OF UPPER-AIR VELOCITIES AT PEARL HARBOR 
AND GUAM 


‘These are presented ‘in Table 6. The number of 
os observations are those already given for these 
Stations. 


TaBLe 6.—Average wind (m. p. according to pilot balloon 
observations taken at Pearl Harbor and Guam 


HONOLULU 
Seasons 
Winter... 4.3) 4.41 6, 6.6) 6.4) 5.6] 6.0) 6. 
4/5] 6. 4| 6.01 6.8} 66) 5.9/6.0) 5.2) 3.81 2.6) 5,2} See Table 1.) 


Anal (ine. | 
Annial 5.1) 5. 6, 6. 6. 0} 5.6) 5.5} 5.4) 5.5) 5.5) 6.4) 8. 2:10, 8/13. 3)16.3 
th 2 


10; 11} 13} 14) 4 a3 12) 12 1 36 
GUAM 
Winter 3,0} 8. 3/10. 2/10. 8/10. 0| 9.1) 7.5] 7.1) 5.6) 6. 
pring. 2.8 7.6) 9. 1) 9.9110. 1) 8/5] 6.6) 6.9] 6.5] 4.0) (A few scattered observa- 
2.6] 5.4) 7| 6.8) 6.3] 7. 1) 5.4) 4.6) 6 tions. See Table 5.) 
2. 6| 6.0) 7.0} 7.5} 7.2) 6.9) 6.2) 6.1) 4. 


Annual (m, p, 

2.9) 6.9] 8. 2! 8,9! 9.0] 7.8] 6.9) 6.4) 6.0) 5.9] 5,01 6.11. 8.0) 9.0 
Annual (ap- 

prox. 

2 15}. 14) 13} 13) 11) 14 21; 22; 20 
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Yearly ‘average wind velocities over Pearl Harbor —The 
average yearly wind velocity at Pearl Harbor is lowest, 
4.7m. p. s., at the surface. It slowly increases to 6.5 m. 
p. s. at 1,000 m., after which it quickly decreases to 
5.6 m. p. s.. It remains very nearly at this velocity up 
to 5 kilometers, when another increase occurs. This 
second increase is progressive up to 8 kilometers, being 
nearly 1 m. p. s. between 5 and 6 kilometers, nearly 2 m. 
p. 8. between 6 and 7 kilometers, and 2.6 m. p. s. between 
7 and 8 kilometers.. During the next step up to the 
9-kilometer level the increase in velocity is only 2.5 m. 

. 8., but in going from 9 to 10 kilometers the increase 
is 3 m. p. s., which gives 16.3 m. p. s. (36 miles) as the 
velocity at an altitude of 10 kilometers. 

Yearly average wind velocities over Guam.—The average 
yearly wind velocity at Guam is lowest, 2.9 m. p. s., at 
the surface. It increases rapidly between the surface 
and the 250-m. level, and then slowly to the 1-kni. level. 
Between the 1 and 5 km. levels the velocity gradually 
decreases. Above 5 kin. the wind steadily increases up 
to 9 km., where it is strongest, with an average velocity 
of 10 m. p. s. (22m. p. h.). At 10 km. the velocity is 
only 9 m. p. s. (20 m. p. h.). It is probable if more 
observations were available at this level, instead of a 
decrease theré would be an increase in harmony with 
that at Pearl Harbor at this altitude. 

The change in velocity, first an increase up to 750 or 
1,000 meters, followed by a decrease to velocities which 
continue below those at the 1-km. level, up to an altitude 
of 6 kilometers before again increasing, is similar to the 
changes at Pearl Harbor, and probably is universal in 
the trade wind zone. 

Seasonal average wind velocities over Pearl Harbor.—-By 
seasons the average wind velocity at Pearl Harbor, from 
the surface to the 3 km. level, is strongest in summer, and 
weakest in spring. From the 1 km. to the 2 km. level, 
the velocities decrease during all seasons, with the greatest 
decrease in summer and the least in spring. Between 
the 2 and 3 km. levels the velocities are the same in spring 
and summer. In winter there is a slight increase, an 
in autumn there is a decrease of 2.2m. p.s. The highest 
velocity, 7.1 m. p. s., occurs in summer at the 1 km. level, 
and the lowest, 2.6 m. p. s., in autumn at 4 km. 

Up to 2 km. there is no great variation in wind velocity 
throughout the year, but at altitudes above 2 km. sea- 
sonal differences become more marked. At 3 km. the 
winds in winter are strongest, averaging 6.8*m. p. s., and 
in autumn they are weakest, averaging 3.8 m. p. s., which 
makes a spread between winter and autumn of 3 m. p. s. 
At 4 km. the record for the winter months is missing, but 
the spread at the other seasons between the highest and 
lowest is 4.4 m. p. s.; the highest velocity being 7 m. p. s. 
in spring and the lowest 2.6 m. p.s. in autumn. Other 
details can be drawn from the table. 

Seasonal average wind velocities over Guam.—By seasons 
the average velocity of the wind at Guam from the surface 
to 3 km. is strongest in winter and weakest in summer. 
At Pearl Harbor at similar elevations the winds are 
strongest in summer, and the fact that they are strongest 
at Guam in winter is undoubtedly because Guam at that 
season of the year is largely under the influence of the 
Siberian anticyclone. 

From the surface to 1 km. the summer winds show the 
least increase, and those of winter the greatest, with the 
next increase in spring. Between 1 and 2 km. there is a 
decréase in velocity, except in summer, when the winds 
are stronger at 2 km. than at theikm. During the other 
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seasons the decrease in velocity is greatest in spring. 
Between 2 and 3 km. the winds decrease in velocity 
during all seasons, most markedly in summer, and least 
in sprmg. The highest velocity, 10.8 m: p. s., occurs in 
winter at 750 m., and the lowest, excluding the surface 
winds, is 4m. p.s. at 4 km. 

General comparison.—The winds at Guam have a 
smaller velocity at the surface than those at Pearl Harbor 
but from 250 m. up to’and including the 4 km. level they 
are stronger than at Pearl Harbor. From the 5 km. 
level to the 10 km. level the Pearl Harbor winds are 
strongest. 
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NOTABLE TORNADOES OF MAY, 1927 
[Condensed from reports furnished by George Reeder, H. S. Cole, and A. W. Shilling] 


Tornadoes of May 8 and 9 in Missouri.’—Severe torna- 
does occurred in Missouri on both dates.. The one of the 
8th was first observed in the southwest part of Camden 
County, moving thence in a northeasterly direction to 
Audrain County,.a distance of 110 miles, where it dis- 

he May 9 tornado, or as it doubtless will be known 
in the future, the Poplar Bluff tornado, because it literall 
demolished the town of that name, entailed a loss of life 
of 86 persons in Butler County, 83 being killed in Poplar 
Bluff. Three hundred were injured and the property loss 
in Poplar Bluff and Butler County is placed at $2,100,000. 
This storm was first observed in the southwestern part 
of Randolph County, Ark.; it moved thence to Poplar 
Bluff, striking that city at 3.15 p. m,_ In this city, of 
from 8,000 to 10,000 inhabitants, less than a dozen build- 
ings remained standing, and even these were badly dam- 
aged. After leaving Poplar Bluff the force of the storm 
seems to have been spent, although strong east and 
northeast winds were observed some 60 miles to the 


northeast. 


Mr. Reeder recites two rather unusual incidents in 
connection with these storms. The first was that of a 
well-constructed farmhouse that. was bolted to a con- 
crete foundation with half-inch iron bolts. This house 
was completely wrecked and two persons were killed in 
the basement by being crushed by great blocks of con- 
crete torn from the foundation. The second incident 
was the killing of six persons who were caught in a tour- 


‘ing car by the storm that overtook Poplar Bluff. 


Arkansas.2—No tornadoes occurred in this State on 
the 8th; but an unusually large number, 11, were re- 
orted on the 9th. These storms passed through 25 dif- 
erent towns and communities, 71 persons lost their 
lives, 449 were injured, and the property loss was esti- 
mated at $1,223,000. | 

The geographic position of the tornadoes of the Sth 
and 9th are shown on regular Chart No. IJ at the end of 
this Review, those of the 8th by black crosses and those 
of the 9th by black dots. 

The tornadoes in Arkansas began a little after 2 p. m. 
in the northwestern part.of; the State and 
later and later in the as with distance to the eastward; 
the last storm was first observed at 4:25 p.m. Details 
as to these storms will be found in the general table on 
pages 247-250 of this Revirw. 

_ Nebraska.A—On the 8th between 6 and 6:30 a.m. (105th 
meridian time) a tornado with a path approximately 34 
miles long passed across Lincoln Couey. Nebr., moving 
Pons sa from a report by George Reeder in Climatological Data for Missouri, 


? Condensed from a report by H. 8, Cole, 
* Condensed from a report by A. W. Shilling. 


in a direction slightly west of north on a line about 5 
miles west of the Weather Bureau station at North 
Platte. No lives were lost in this storm and the damage 
was confined to farm buildings. The unusual direction 
of movement of this storm was probably due to the fact 
that the cyclonic winds in which it originated were moving 
from the east and southeast. 


DISCUSSION 


May 8 and 9.—The cyclonic system within which the 
tornadoes above described occurred was exceptional for 
the season, particularly because of the low level of the 
pressure in the center, the track followed by the depres- 
sion, and its relatively slow progressive movement. See 
Chart II, track No. Ila. 

The pressure gradient over Arkansas and Missouri was 
not at any time more than fairly steep, nor was it any 
steeper than that over the adjoining States of Oklahoma, 
Kansas, and Iowa, in which tornadoes were not reportad. 
Neither was the surface-temperature gradient steep at an 
time. The 7 o’clock a. m. temperatures over bo 
Missouri and Arkansas on the morning of the 8th were 
around 70°. There was, however, a steep surface- 
temperature gradient in the rear of the cyclonic center, 
especially on the 8th, when the temperature in the cyclone 
omnis was 18° to 20° lower than about 200 miles east- 
ward. 

The surface wind-shift line on the morning of the 8th 
was at least 300 miles west of the western border of the 
State, where tornadoes occurred, and largely because of 
the northward movement of the cyclone a surface wind- 
shift line did not pass across either Arkansas or Missouri. 
The Nebraska tornado occurred in the northeast quad- 
rant and distant about 200 miles from the cyclone center. 
A pronounced anticyclone was absent on both dates. 

In Arkansas the time of occurrence of tornadoes was 
progressively later and later with distance toward the 
east. If we can imagine an impulse moving wavelike 
from west to east, its rate of progression across the State 
would have been about 25 miles per hour. : 

The fact that severe tornadoes occurred in Missouri on 
both dates and in Arkansas only on the 9th is rather 
puzzling. It might be interpreted as being due to de- 

endence of tornadoes upon conditions of atmospheric 
instability of more or less local origin which exercises 
their full influence when, and only when, the presence of a 
cyclonic system brings about the opportunity of creating 
an energetic whirl. 

The free-air conditions over Arkansas and Missouri may 
be inferred, approximately at least, by the records of one 
kite station in Oklahoma and several pilot-balloon sta- 
tions in neighboring States. These are presented in the 
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Aerological Division: 
NOTE 
Pilot-balloon observations over Missouri and Oklahoma and kite 
observations over the latter State show decidedly abnormal and 
significant free-air conditions on the dates when tornadoes occurred 
in this section, viz, May 8-9, 18, 24,27. The outstanding features 


are: 
(1) A marked fall in the free-air temperature occurring coinci- 
dently with a rise at the surface and lower levels. . 
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following memorandum by Mr. L. T. Samuels of the 


(2) ‘The development or intensification of a temperature inver- 
sion immediately above the stratum wherein the marked decrease 
in temperature referred to in (1) occurred. 

(3) An abnormally high lapse rate superimposed on the inversion 
level referred to in (2). 

(4) An excessive increase in wind velocity within the first few 
hundred meters’ elevation. 

(5) A veering of the wind with height, usually from southeriy 
at the ground to southwesterly at the level of maximum velocity 
and occasionally veering until a diametrically opposite direction 
occurs at about 1,500 meters. 


WASHINGTON, D. C., TORNADO OF MAY 14, 1927 
By L, T. SamMvurts 


A tornado, small but distinct and accompanied by a 
well-marked funnel-shaped cloud, was observed in 
Washington, D. C., about 6 p. m. on May 14, 1927. 
At this time the entire western sky was overcast with 
Cu. Nb. clouds and a thunderstorm seemed imminent. 
At Fourth and Channing Streets NE. my attention was 
attracted by a peculiar movement of the clouds in a 
small portion of the sky toward the northwest. Although 
no funnel-shaped cloud had yet formed, a rather violent 
rotary motion was seen at the lower surface of the clouds 
in this region. The whole cloud mass, including the 
rotating area, moved moderately fast from the northwest, 
and portions of cloud in the rotating area soon pro- 
truded downward toward the earth and became funnel 
shaped. A counterclockwise rotation was clearly 
observed. 

While the funnel increased in length small patches of 
cloud continued to appear and disappear as if by — 
out of the comparatively clear air adjacent to and below 
its tip. These — of cloud moved rapidly inward or 
upward (depending on where they formed) toward the 
‘main trunk and usually attached themselves onto the 
latter. When the cloud was 0.7 of a mile south by west 
of the writer, its lower end appeared to be about 100 
feet above the tree tops which formed the horizon. Its 
actual height above the ground, however, must have 
been greater, since it was on the opposite side of an 
intervening ridge. The patches of cloud rising swiftly 
upward, seemingly out of the tree tops, toward the main 
trunk pebsnnted an exceedingly striking appearance. 
It was evident that the air was rushing along both 
inward and upward and'that condensation was occurring 
with a very small vertical displacement. 

As the cloud became more and more pronounced and 
extended to probably between 200 and 300 feet of the 
ground the surrounding air became densely filled with 
scraps of paper; branches, dust, etc., which rose within 
or very close to the cloud itself and then spread out 
laterally as the top was approached. 

The main trunk at the time of its fullest development 
appeared to be about 50 feet in diameter. By the time 
it reached a point to the southwest of the observer it 
had begun to rise and then gradually became absorbed 


i main Cu. Nb. layer from which it protruded. 
e lower extremity, which lashed violently throughout 
its journey, seemed constantly to fling off patches of 
cloud from its tip, while new bits formed and took their 


ace. 

The length of the path along which the effects of the 
tornado were greatest was about one-half mile and its 
width about 30 feet. It extended from First and 
Adams Streets NW. southeastward across Prospect Hill 
Cemetery to Rhode Island Avenue and Second Street 
NE. The damage consisted of a number of good-sized 
trees being either uprooted or having large limbs torn 
off, awnings badly twisted, slate shingles torn from 
roofs, and several tombstones, approximately 4 by 2 
by \% foot blown over. 

Practically no wind was noticed on either side of the 
actual path. The characteristic noise which usually 
accompanies tornadoes was not heard by the writer, but 
others closer to its path described the noise as resemblin 
a “siren.” Mr. Albert Kiernan, of 49 V Street NW, 
saw the funnel-shaped cloud as it approached his home 
from the northwest, and when it appeared to be over 
the reservoir at the filtration plant he observed what 
seemed to be a stream of water rising toward the cloud 
to a height of 200 feet. 

A rather heavy shower of short duration occurred in 
the vicinity shortly after the tornado passed, but only 
0.04 of an inch of rain fell at the Weather Bureau 2% 
miles to the southwest. The barograph and thermo- 

aph records at the latter place showed only the usual 

uctuations characteristic of a thundersterm. This 
tornado occurred in the southeast quadrant of a low- 
ressure area. The 3 p. m. pilot-balloon observation at 

ashington showed a light surface wind from the seuth- 
southeast, becoming: southwesterly above 500 meters 
and increasing steadily to 22 m. p. s. at 2,300 meters, 
where the balloon entered St. Cu. clouds. An un- 
usually large temperature lapse rate was already evident 
in the mornitig, when an airplane observation made at 
the Naval Air Station, Anacostia, D. C., showed this to 
per 100m. between the 1,500 m: and 2,406 m. 
evels. 
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TORNADO OF MAY 24, 1927, AT ST. JOSEPH, MO. 
By W. 8S. Bretpen 


A tornado advanced in an easterly direction through 
St. Joseph, Mo., from the Missouri River, peenning 
at about 5:18 a. m. on the 24th. Its destructive pat 
was approximately two blocks wide, but not continuous. 
Much of the greater part of the destruction to property 
was in a business portion of the city from Third and 
Sylvanie Streets nearly due east to High School Hill. 
Within this distance of two-thirds of a mile many large 
buildings were seriously damaged, roofs and walls being 
destroyed. After passing over the hill the course of the 
tornado was to the southeastward, with considerable 
damage for several blocks in the residential district, 
beginning at Sixteenth and Olive Streets. Then after 
another interval of about half a mile, with only slight 
damage, the tornado blew down many valuable trees in 
Bartlett Park, after which it lost energy. For about 
half a mile on either side of the immediate path of the 
storm high winds caused considerable damage to shade 
trees, chimneys, etc. 


At the weather observatory, about half a mile north 
of the path of the storm, the wind attained an extreme 
velocity of 78 miles an hour from the northwest. at 5:18 
a.m. This record has been equaled only once since the 
establishment of the weather station in this city in 1910. 
For several hours preceding the tornado the temperature 
ranged from 71 to 68, the wind was light from the south- 
west, south, and east, and the barometer fell slightly, 
with reading reduced to sea level, approximately 29.71 
inches, for more than two hours preceding the storm. 
At the time of the passage of the tornado the barometer 
fell slightly and then rose abruptly 0.07 inch. Enxces- 
sive rainfall for nine minutes, beginning at 5:18 a. m., 
amounted to 0.42 inch. Thunder and lightning accom- 
panying the storm were moderate. 

wo persons were slightly injured and none killed. 
A conservative estimate of property damage, made by 
the city engineer, was placed at about $200,000. — é 


RAIN-BEARING WINDS IN THE FAR WESTERN STATES 
By THomas R. 


In ‘‘Weather Forecasting in the United States” (3) 
Henry says: “A simple and very amen rule for fore- 
casting the weather in the Pacific Coast States is ‘south- 
erly winds bring rain; northerly, fair weather’ ’’ (p. 119). 
Probably all meteorologists, in fact all attentive observers 
of weather phenomena on the Pacific slope, will concur. 
So infallible appears the operation of this rule and so 
extensive is the territory over which it holds sway that 
desire is naturally aroused to determine the actual pro- 
portion of cases to which it applies and to define, and if 
possible explain the exceptions to it, both for the area in 
general and for particular regions within it. A practicable 
way of accomplishing this object was suggested by 


- Von Herrmann’s paper entitled ‘‘The Rain-Bearing 


Winds of Atlanta, Ga.” (1), in which rainfall percentages 
were diagrammatically represented for each of the eight 
compass points and for the various months of the year. 
Weather Bureau stations of the first order within the 


_ San Francisco forecast district, which comprises the 


States of Washington, Oregon, California, Nevada, and 
Idaho, were asked to contribute these statistics for the 
10-year period 1916-1925, and graphic representations 
developed from their tabulations are reproduced herewith. 
The only station submitting data based on a shorter 
period was Spokane, where only 5 years’ record was 
available. Diagrams for each of the 21 stations and for 
each of the 12 months have been drawn after the Von 
Herrmann plan, although involving a somewhat dis- 
similar development of the data. 

While diagrams for all the months reveal facts of in- 
terest, those portraying the rain-bearing winds of the 
wet season are most significant. It is evident that due 
to the shortness of the period for which means were com- 
puted, only the data for the rainy season can be relied 
upon for conclusions. Rainfall during the dry season 
is so infrequent and relatively so light that, to be repre- 
sentative, means would have to be obtained from an 
exceedingly long period of observations; longer, in all 
seem than any offered by available records. This 
act should be borne in mind while inspecting the dia- 
grams, as otherwise very imperfect impressions may. 
result. To cite one case in which this defect is well 


illustrated, take the San Luis Obispo figures for the 
nearly rainless month of June. The percentages show 
northwest to be the rainiest quarter, but inspection of 
the detailed record reveals the inadequacy of the data, 
as during the 10-year period there was a total rainfall of 
only 0.24 inch for directions, of which 0.08 inch 
happened to occur while the wind was in the northwest. 
Another example is furnished by the San Jose table. In 
this case the meteorologist who supplied the data sought 
to modify the obvious inconsistency of the dry-season 
percentages by extending the record to include a ang fi 
period, and yet we find the maximum rainfall in July 
occurring with a northwest, or fair weather, wind. Here 
the limitations of even a 20-year mean for the dry months 
are clearly illustrated, since the detailed record for July 
contains a 20-year total of-only 0.11 inch, of which 0.08 
inch fell during the time the wind was northwest.. Similar 
defects could be pointed out in most of the tables so far 
as summer conditions are concerned, although the errors 
become less egregious as we go north along the coast 
and the amount of summer rainfall proportionately 
increases. 

Obviously, too, with so pronounced a dry season it 
was impracticable to follow Von Herrmann’s method of 
computing percentages on the basis of annual means and 
percentages based on monthly means were employed in 
preference. It was thought that labor would be lessened 
without material sacrifice of accuracy if station normals 
for the various months were used instead of actual means 
for the 10-year period, and most of the station. officials 
made their computations in this way; but_a few, — 
that the results thus obtained were misleading, compu 
means for the particular period involved and secured 

ercentages therefrom. Emphasis must be given to the 
act that the percentages refer to the amount of precip! 
tation and not to frequency of its occurrence. 

The outstanding fact established by the tables and 
diagrams is the preponderance of precipitation Wi 
south winds. The most casual scrutiny of the data makes 
this plain. At some stations there are strong southeast 
and southwest components, and at a few stations one oF 
the other of these components exceeds the southerly 
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direction in the amount of precipitation associated there- 
with. In most cases, it is believed, the deviation from 
south or southwest can be accounted for by some oro- 
graphic explanation, Indeed, such explanation extends 
to nearly all phases of the diagrams where rains of any 
considerable amount are found occurring with other than 
a southerly wind. The exceptions will be found only to 
confirm the rule that, given a reasonably free exposure, 
the rain-bearing surface winds are preponderantly from 
southerly quarters. 

As an initial example of such deviation the case of 
Tatoosh Island, Wash., may be cited. Situated at the 
entrance to the Straits of Juan de Fuca, it is peculiarly 
exposed to the east winds which are often found sweeping 
through them at times when southeast of south winds are 
blowing at other points on the Washington coast. Not 
infrequently when this is the case cloud observations at 
Tatoosh Island show the existence of southeast or south 
winds at a comparatively low level in the free air above. 
No other diagram depicts an easterly component which 
approaches’ in value this one so conspicuous in the 
Tatoosh Island diagram, or it might better be said, the 
existence of an easterly current with rainfall is a marked 
rarity at the great majority of stations, Tatoosh Island 
being the most notable exception. 

This infrequency of precipitation with east winds in 
the far West is a phenomenon worthy of special note. 
While an east wind anywhere in this region denotes an 
offshore and therefore a gs 8 dry wind, this by no 
means dismisses it as a factor in the rain-making process. 
Both Bjerknes and Shaw, whose situation on a west con- 
tinental front in the North Temperate Zone makes their 
observations of peculiar interest to the student of weather 
forecasting in the North Pacific States, postulate an 
easterly current or ‘‘wedge’”’ over which the rain-bearing 
southerly wind must ride in order to precipitate its 
moisture. Such being the case in western Europe, one 
would naturally expect to find its counterpart on our 
own western shores. A noteworthy dissimiliarity is 
presented by our diagrams in this respect, however. 
Not only is the occurrence of east winds at times of rain- 
fall an abnormality, but its appearance in any of the 
diagrams may be accounted for, as a rule, by some 
orographic explanation rather than by the assumption 
of its existence as a function of the usual cyclonic circu- 
lation. This is obviously the case at Tatoosh Island, of 
which mention has been made, and it is likewise true of 
winds at other stations farther south. 

At North Head and Portland, for example, a small 
percentage of easterly wind is found, probably induced by 
the proximity of the great Columbia River gorge, which 
forms an east-west gap in the Coast and Cascade Ranges. 
Another station showing a rather prominent easterly 
component is Fresno. The occasion for this is not 
altogether obvious, although it may well be found in 
the deposition of the foothill areas to the north, which 
probably have a deflecting effect on the predominant 
Tain wind, which is southeast, The hills may cause the 
rain-bearing wind to assume at times an east-west trend 
over parts of the upper San Joaquin Valley. 

conspicuous easterly arm is found in the Spokane 


diagram, but although explanations based on iepogrepiie 


features of the country might account for it, conclusions 
drawn from the data would be unsafe due to the short 
Period (five years) covered by the record, together with 
the fact that much of the data are from interpolated 
records during the winter season, since at that time the 
recording rain gauge is not functioning. 
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In the consideration of easterly rain winds perhaps the 
diagrams which present the most anomalous outlines 
are those for Los Angeles and San Diego, particularly 
the former. Flanked by high mountain ranges to the 
leeward and possessing an unobstructed marine exposure, 
the region around Los Angeles might be expected to 
offer ideal opportunity for the occurrence of rain winds 
from the Oceanic or southwesterly quarter. Instead we 
find a very pronounced opposite component, not only 
easterly but northeasterly winds being conspicuous in 
nearly all months, but exceeding other directions in « 
majority of cases. It is certain that any explanation of 
this state of things must reside in the configuration of the 
terrain. This region presents the most radical orographic 
contrasts to be found in the United States. The moun- 
tains rise sheer from base elevations but little above sea 
level to heights varying between 8,000 and 12,000 feet. 
The deflective effect produced in gradient winds by these 
colossal barriers could not be other than profound, 
although it might not be supposed that a complete 
reversal of direction would result. It seems probable 
that at both Los Angeles and San Diego the relation of 
mountains and plain necessitates the formation of some 
sort of eddy conforming in a general way to the axes of 
the principal ranges. Those flanking Los Angeles lie 
east and west, while those back of San Diego lie north 
and south, a disposition which may serve to explain a 
horizontal eddy in the lower atmospheric levels, greatly 
complicated in its details by the extremely irregular 
character of the terrain as a whole. At San Diego, it 
will be noted, although considerable rain occurs with 
east winds, the predominating rain wind is from the south 
during all the wet months, whereas at Los Angeles 


- northeast rain winds predominate during the wet months 


and southerly rain winds are inconsiderable. 

But if east and northeast winds at times of precipita- 
tion are exceptional, their insignificance is scarcely 
greater than that of winds from north and northwest 
quarters, and stations which show this idiosyncrasy are 
exceptional enough to require individual comment. ‘T'wo 
such stations are found in the intermountain region, 
namely, Baker and Boise. At Baker the northwest 
component is especially noteworthy, very nearly equaling 


the preponderant winter direction, which is southeast, 


and in spring and summer exceeding all others. At 
both stations the contour of the land would seem to ac- 
count adequately for the unusual amount of precipita- 
tion with northwest winds. It will be remarked that 
winds of cyclonic origin—that is to say, rain winds—at 
both stations conform in direction to the main axial line 
of the respective valleys, being from one of two opposite 
directions, northwest and southeast. 

This subserviency of wind direction to the contour of 
the valleys is.equally apparent in California, where the 
behavior of rain winds in the Santa Clara, Sacramento, 
and San Joaquin Valleys well illustrates the point. In 
the Sacramento Valley, in which Red Bluff and Sacra- 
mento are located, there is relatively little rain with 
northwest winds, since such winds are down-slope. In 
the San Joaquin Valley, and less pronouncedly in the 
Santa Clara Valley, represented by the stations at Fresno 
and San Jose, respectively, the reverse is true, northwest 
winds at these stations being up-slope winds and con- 
sequently contributing a moderate proportion of moisture. 
' A feature common enough to the diagrams to warrant 
remark is the increase of rain percentage with northwest 
winds in the spring and fall of the year. Note will! be 
taken in particular of the relative insignificance of the 
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Fie. 1.—Percentage of normal monthly precipitation for each wind direction, January to June, 1916-1925, inclusive 
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Fia. 2.—Percentage of normal monthly precipitation for each wind direction, July to December, 1916-1925, inclusive 
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northwest component at San Jose, Fresno, and Boise in 
winter months as compared with the increase shown in 
this arm of the diagram in March, April, May, and 
October. This phenomenon is doubtless attributable to 
the tendency of low-pressure systems to develop centers 
over the southern plateau and southern Rocky Mountain 
regions in the spring and fall months, a fact attested by 
the investigations of Bowie and Weightman (2), who 
have shown statistically that ‘“‘Colorado Lows” occur 
with maximum frequency in the spring and fall. The 
positing of a barometric minimum somewhere near the 
region assigned to Colorado Lows is prerequisite to north- 
westerly rain-bearing winds in the far Western States, 
whether such rains are explained as of “cold-front”’ 
origin, or are attributed to the inclination of the terrain. 
Both influences are probably at work, but examination 
of the diagrams leads to the inference that the latter is 
the more important, since only those stations at which 
the rainfall with northwest winds is palpably augmented 
by a convenient attitude of the terrain show amounts 
which are of any consequence as compared with precipita- 
tion associated with winds from the contrary quarter. 

While this view will probably not invite contradiction, 
since it is so widely recognized that rainfall in the far 
West is subject to orographic control, the diagrams here- 
with, while substantiating this opinion in general, would 
seem to oppose it in at least one particular, and that by 
no means an unimportant one, namely, the small amount 
of rainfall with westerly winds. The paucity of rainfall 
with winds from the west is almost as pronounced and 
uniform as is the case with winds from obviously dry- 
weather quarters. Perhaps the heterodox aspect of this 

eculiarity may not impress one who is thinking of rain- 
2 ber winds in terms of cyclonic circulation alone. 
West winds, aside from their connection with ‘“cold- 
front” or “squall-line” precipitation, are not ordinarily 
heavy rain producers. Thus Henry has succinctly stated 
(3) that “east to southeast winds are preeminently the 
rain winds of the United States,”’ meaning quite evidently 
that part of the United States east of the Continental 
Divide, for he immediately qualifies the statement by 
mth er the predominance of southerly rain winds in 
the Pacific States. At the same time he concedes, and 
apparently with excellent logic, the importance of west 
winds also as a contributing source of rainfall on the 
Pacific slope. A glance at a contour map of the western 
United States will convince one of the plausibility of this. 
With the great western cordillera lying athwart the path 
of the westerly winds, laden with moisture from the 
Pacific Ocean, what could be more natural than to classify 
such winds as rain producers, as under cyclonic impulsion 
they are forced up and over the mountain barriers that 
obstruct their eastward course? It is surprising, there- 
fore, to find this view shattered by the facts so far—that 
is to say, as they can be deduced from observations at 
Weather Bureau stations, most of which, to be sure, are 
at valley points. Perhaps if data were available for the 
mountain slopes they would tell a different story; quite 
probably so in the case of canyons cutting into the main 
ranges in an east-west direction, since in such cases the 
same conditions in a degree would be present which have 
been shown to produce rain with northwest winds at 
Baker, Boise, cod Fresno, where the rainfall is augmented 
by an up-valley course of the air stream. 

While other explanations could perhaps be offered to 
account for the meager rainfall with westerly surface 
winds over the area represented by observations, a 
plausible solution is suggested by consideration of the 
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probability that a westerly surface wind implies in general 
a northwest wind aloft. This assumption is a safe one, 
since the phenomenon of turning with increase of altitude 
is especially marked in winds of the western United 
States, where the lag and distortion in surface currents 
are accentuated by the exceedingly rugged character of 
the relief. It will be admitted that a northwest wind in 
the free air would not be a vigorous rain producer, since 
it would parallel many of the mountain ranges and 
attack others at a rather small angle. The converse of 
this proposition would be true of winds from a southerly 
quarter. Such winds would bear up against the moun- 
tains at an increasing angle with elevation and thus have 
their natural condensational proclivities increased. On 
this basis we may conclude that westerly winds in the 
free air, in contrast to westerlies at the surface, are 
productive of rainfall, since they would be the inevitable 
concomitant of southwest surface winds, which the 
diagrams show to be one of the three surface winds most 
prolific in attendant rainfall. | 

If the analogy be carried further, we must conclude 
that the most productive rain winds in the free air are 
from the southwest, since such winds would be associated 
with southerly surface winds, and southerly surface winds 


are shown by the diagrams to be consonant with maxi- 


mum rainfall. Although southeast winds share in this 
characteristic, and even predominate in some of the 
diagrams, it is believed that in a majority of cases this 
is the result of distortion introduced by topography in 
what would otherwise be a south rather than a southeast 
surface wind. This is clearly so in the geological de- 
pressions occupied by Red Bluff, Sacramento, San Jose, 
Fresno, Boise, and Baker, and to a certain extent it may 
apply at San Francisco, Eureka, Seattle, San Luis Obispo, 
and San Diego. 

In conclusion it may be pointed out that the peculiar 
rain-making function of southwest winds in the free air 
is a phenomenon easily recognized by inspection of rain- 
type weather charts for the far Western States. The 
isobars on such charts will almost invariably call for 4 
southwest current at moderately high altitudes over the 
area where precipitation is occurring in considerable 
amounts. Although this assertion may not provoke 
incredulity, two isobaric charts are submitted in support 
of it, depicting the average barometric pressure between 
the 110th and 155th meridians, west longitude, and the 
related rainfall in the Pacific foreeast district. The same 
calendar month has been chosen, viz, October, of two 
consecutive years. The choice was governed primarily 
by recognition that the months in question presen 
opposite types of weather for the district as a whole, 
October, 1924, being unusually moist and October, 1926, 
dry. It was consequently believed that isobars derived 
from average pressures for two such months could be 
depended on to illustrate with least deception the general 
air circulation responsible for such contrary effects. 

It will be observed that for the wet month.the trend 
of the isobars implies a preponderance of southwest winds; 
that is to say, winds paralleling the isobars, in the free 
air contiguous to the area where precipitation is in excess 
of the normal, while for the dry month the isobars call for 
free-air winds from northerly quarters over the greater 

art of the district. The excess of moisture in parts o 
daho, Nevada, and southern California on the dry- 
weather chart is altogether attributable to Lows of the 
plateau or Colorado type which were generated on the 
southeast side of the California-Hawaii. high-pressul® 
system, the existence of which is not altogsilier effaced 
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even by their absorption into mean pressure values for 
the month. The significant feature of this chart, how- 
ever, is the abnormal position and axial attitude of the 
oceanic high-pressure system, which is so disposed as to 
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the state-wide ave for this October had not been 
equaled since 1899, while for certain localities along the 
the amounts exceeded any October rainfalls 
of record. 
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Fic. 3.—October, 1924. Mean 8 a. m. pressure, 7 a. m. at sea, 75th meridian time. A 
notably wet month over much of the Pacific forecast district. Region of subnormal 
precipitation shown by hatched lines, swpernormal by cross-hatched lines 


imply the displacement of southwesterly or rain-bearing 
air currents into quite high latitudes. 

In contrast to this pressure arrangement is that for the 
preceding October, when the oceanic high-pressure 
system lay far to the west, thus permitting easy access in 
lower latitudes of winds from the southwest or rainy 
quarter. The effect of the ingress of air from this quarter 
was so marked that it can not be appreciated by the mere 
statement that the ensuing rainfall exceeded the normal 
over a large area. The excess was so extraordinary that 
in Washington comparative data showed the month to be 
the wettest October since state-wide records had been 
kept, a period of 35 years. In Oregon it was the wettest 
October for the State as a whole since 1900, and for the 
western division the wettest since 1890. In- California 


Fia. 4.—October, 1925. Mean 8 a. m. pressure, 7 a. m. at sea, 75th meridian time. A 
dry month over much of the Pacific forecast district. Region of subnormal precipi- 
tation shown by hatched lines, swpernormal by cross-hatched lines 


NOTES TO FIGURES 1 AND 2 


1 Total amount, all directions, 0.25 inch. 

3 Only one rain in 10 years; amount, 0.01 inch. 

§ Total, 0.09 inch. 

4 Total amount, all directions, 0.08 inch. 

5 100 per cent east. 

633 per cent northeast, total 0.01 inch; 67 per cent southeast, total 0.02 inch. 

7 Northeast rain not typical; caused by 
mr while wind was northeast. 

* Abnormal north and northwest components caused by rainstorm of September, 1918. 
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TWELVE YEARS OF LONG-RANGE FORECASTING OF PRECIPITATION AND WATER LEVELS 


By Axet 
[Stockholm, Sweden] 
(Translation by B. M. Varney from the Képpen-Heft der Annalen der Hydrographie, 1926) 


Each year since 1915 I have published, usually in Feb- 
Tuary, an advance computation of the probable tendency 
of precipitation and water level in Sweden for the ensu- 
ing 12 months. In view of the very considerable period 
during which these long-range forecasts have been made 
and tested, I wish to give in what follows a short review 
of the results. 

_ With regard to the methods used I shall speak briefly 
since the principles have been set out more in detai 
elsewhere.! They are based on the existence of a period a 
few years in length, of an average value of some 28 months, 
and on a period that averages 11 years, which shows also 
two secondary maxima “ae minima within this 11 years. 
This latter period is very important in the case of lakes 


‘ Axel Wallén, Vanerns Vattenstandsvariationer. Meddelanden fran Hydrografiska 
byran. 1. Stockholm, 1910.—Les previsions des niveaux d’eau et des Suede. 
Geograf, Annaler h. 3. 4. 1919, 


that have large storage capacity, e. g., Lake Wenner; on 
the other hand, its significance is relatively less con- 
spicuous in the case of precipitation changes and as 
regards the levels of waters not characterized by great 


reservoirs of that sort. 


The method I have found most useful in preparing the 
forecasts here set forth may be described most simply as 
a study of the variations of the elements involved, the 
yearly period of each having first been eliminated; after 
such. elimination these elements showed a period most 
clearly, the average length of which is 28 months, with, 


however, considerable irregularity. 
If we designate the original monthly values as 


~ 


(smoothed by forming running five-month values), and 


freak storm of September, 1918; 4.56 inches 
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then call the 12-month values formed of these (thus 
eliminating the yearly period) 


thus: 
12 13 
=a,+a,4+. » = 20h; bg =a, by 


or these values divided by 12, then the difference between 
two successive 6 values, or the difference of the 6 curve, 
will be expressed by 


AD = — —a, 


From this it fellows that the curve of the 5 values 
(freed of yearly period) will rise as long as 444:.—4a,;>0; 
that it will run parallel to the x axis as soon as @j4;.— 
a,=0; that the curve will fall as long as a,,,.—a,<0. If 
Qi412—, reaches & maximum or a minimum, this repre- 
sents an epoch in the curve; in the first instance (maxi- 
mum), and as viewed from the z axis, the curve changes 
from the convex form into the concave, and vice versa 
in the second instance (minimum). 

If now, beginning with the first appearance of the 
period of a few years pointed out above, we can extra- 
polate at least for a short stretch, then we are in a position 
to compute in advance the corresponding monthly values, 
or at any rate their magnitude in relation to the value for 
the corresponding months of the previous year. In the 
space of time for which one has computed a decline of the 
b curve, the corresponding @ value must be lower than 
that for 12 months previous. If the curve is passing an 
epoch, then the difference according to absolute values 
must be at a maximum. 

If the 6 curve reaches its minimum, then the corre- 
sponding @ values are like those for 12 months previous. 
If the 6 curve rises the a values are higher than 12 months 
previous; at an epoch this difference is greatest; at a 
maximum of the 6 curve the corresponding a. values are 
like those 12 months previous, etc.. The assumption 
that this is a usable method rests upon the fact that the 
period of a few years is so regular that it allows extra- 
polation to be carried out with some certainty. If one 
does not carry this entirely too far, but is satisfied to 
extend it at the most to a year (in other words, if he is 
content not to use all of a half period), then this method 
of procedure is allowable. 

n Table 1, I have brought together the a and } values 
for the rainfall at Stockholm from January, 1921, to 
May, 1926. From them it is to be observed how the 
6 curve oscillates: minima appear in March, 1921, 
October, 1922, and December, 1924; maxima in March, 
1922, and November, 1923; since the beginning of 1925 
the curve is rising. According to the average length of 
the oscillations, there should be expected a new maxi- 
mum 14 months after December; 1924; that is, in Febru- 
ary, 1926. The precipitation up to and including July, 
1926, should be larger than for the preceding 12 months, 
and thereafter during approximately another 14 months 
again smaller than in the corresponding months of the 
previous year. 

Forecasts arrived at in this manner may not infre- 

uently fail in case one is dealing w:th a particular month. 
he values in the table show small discontinuities. It 
is therefore advisable not to apply the method to a 
shorter space of time than that of the five-month values. 
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Neither is it possible to fix in advance the exact time of 
the maxima and minima of the curve; the forecast failures 
that result from using this curve are serious: But in 
spite of this, experience has shown that the forecasts in 
general give good results, especially so if one content 
oneself with a somewhat less definite fixing of the epochs 
of change (at maxima and minima). In this event, in 
case the forecast includes a period of at least five months, 
useful results can be 


TABie 1.—Computation of the b values for Stockholm, 1921-1996 


Month | | Month a | b 
1 
1921 1923 
68 | 532 489 || 63 | 848) 882 
February --........--. 4| 476 490 54 
Maren. i... 6; 454 488 
32} 481 484 1924 
96} 512 602.1; 37 | 8384) 806 
83 | 497 617 |) February ......-...... 65 | 760 71 
45 | 522 535 | 58 | 753 749 
September. ..i........ 17 | 556 64 | 720 715 
31 | 588 567 66 | 680 698 
73 | 653 639 
1922- September 95 |} 606 | 622 
40 | 598 
53. | 528 606 || November 23} 877 601 
February. ............ 29 |. 627 622 || December............. 38} 555 602 
40 | 706 645 
64 | 689 665 1925 
30 | 676 663 
51! 618 626 |} Fobruary............. 43; 608, 609 
September. .....-....- 96} 586 56 | 628 | 623 
Octeder. 14| 546 583 45 | 643 627 
2 | 874} 1677 27 652 639 
December...........-. 33.| 586 171 | 631| 642 
ll | 640 637 
1923 September... 70 636 
46 | 504 591 |} $8) 651 |...... 
February. 597 608 || 47 
662 657 1926 
58 | 702 681 


Norge.—In column b, for example, the number shown opposite 1921, VI (June), is the 
sum of the known values for the months I-XTI, 1921,in column a. In column 2:6 the 


number shown opposite 1921, VI, is the mean of the known values for the months IV- 
VITI, 1921, in column 4 

With reference to the single-month values for Stock- 
holm for 1921, an investigation of them, which is too long 
to describe here, shows that the percentage of hits is not 
more than 65. If instead of these monthly values we © 
take rainfall sums for the different periods included in the 
forecasts, we get the result set forth in Table 2. It is 
evident that the forecasts were successful in ten cases 
out of eleven. For the sake of comparison, I have also 
given the normal values of precipitation for the periods 
concerned. | 

As an example of the Biya of a forecast on the 
basis of Table 1, we take the following case from th 
recent period. In February, 1925, we knew. the maxi- 
mum of the 6 curve in November, 1923, on the basis of 
which we could compute, by extrapolation, a minimum 
for January, 1925. Accordingly, from. July, 1925, 
heavier rainfall than for the preceding 12 months must 
set in. During the months March to June, 1925, that 1s, 
precipitation must be slighter, and that from Jul; , 1925, 
to 6 waar 1926, heavier, than that which fell during the 
12 months preceding. With respect to the: values for 
single months these forecasts were verified except for 


. August and September, 1925, and for January, 1926, a8 
"the comparison in Table 3 shows. ) 
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May, 1927 
TaBLE 2.—Results of the long-range advance computation of precipi- 
tation amounts 
Rainfall amounts (mm.) 
Period 
Normal | Forecast | Actual 
March, 1921-June, 156 <169 144 
July, 1921-February, 413 >364 378 
January, 1923-February, 1923_.............-.-.-.------- 70 < 82 73 
March, 1923-October, 1923__.................-.--..-.--- 398 <487 5 
November, 1928-February, 1924- 171 >134 219 
March, 1024—May, ili > 87 188 
June, 1924-February, 1925... 458 <660 485 
March, 1925-June, 156 <287 139 
July, 1926-February, 1926. 413 >416 501 


TasLe 3.—Ezample of the results of long-range advance computation 
of precipitation for Wdcoldeun months 
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In this case, also, the epoch falls in summer, and for 
it the forecast proves untrustworthy. The high July 
value is somewhat misleading, too, since the heavy pre- 
cipitation is made up of heavy local showers. As for the 
ae sums, Table 2 shows a good agreement, because 

or March—June a preciptation below 237 mm. was fore- 

cast and the actual was 139 mm.; for July, 1925, to 
February, 1926, the forecast gave more than 416 mm., the 
actual being 501 mm. 

The purpose of these forecasts is not so much te give 
an advance computation of the precipitation for a par- 
ticular month as it is to furnish an advance estimate of 
our lake levels for practical use in navigation and for the 
regulation of the lake levels. It is precisely for this pur- 

se that the precipitation which has occurred during a 
ong period over a larger area is quite as significant as 
the exact forecasting of water levels. The gen- 


Rainfall amounts eFalized precipitation forecasts since 1915 compared with 

Month —_ the amounts of precipitation observed in Svealand, and 

Forecast | Actual compared also with the corresponding previous year’s 

‘iis rainfalls as well as with the normal values, . . . [together 

<58 11 with] the generalized forecasts of water levels and the 

is levels observed in Lake Siljan in Salarna’ . . . show that 

the rainfall tendencies forecast for Svealand were veri- 

1 fied in 13 to 14 cases out of a total of 15, and tendencies 

ss of water levels in 15 cases out of 16. Such percentages 

of hits may well convince one who does not demand too 

of the method that it has a practical value. 

52 Py presents two tables embodying all these forecasts and their verifications,— 
BLUE-SKY MEASUREMENTS 


By Irvine F. 


[Weather Bureau, Washington, June 30, 1927] 


During the latter part of 1925 Dr. F. Linke, of the 
Universitats-Institut fur Meteorologie und a 
Frankfort on the Main, Germany, sent a series of color- 
match cards to 17. first-class. meteorological. services, 
one being the United States Weather Bureau. Com- 
mencing with rger ty” 1926, the blueness of the sky has 
been noted at the Solar Observatory, American Uni- 
versity, District of Columbia, on days when. both solar 
radiation and skylight polarization measurements have 
been made: Linke states’ in his letter that the first 
measurements of the blueness of the sky of which we 
have record were made by H. B. de Saussure in Europe 
150 years ago, and just a hundred years later the work 
was taken up by H. Wild. Although measurements 
of this kind have been made more or , frequently in 
Europe since the resumption of this research by Wild, 
but few have been made in this country. 

The color-match charts consist of a series of 14 cards 
of graded hues ranging from almost white to a very 
dark blue, care having been taken to insure permanency 
of color and trueness of shade. The observation con- 
sists in selecting a card which when held against the 
blue sky 90° from the sun and in its vertical will most 
nearly match the color of the sky, which at this point 
is, generally speaking, the darkest. It is also the point 
of maximum polarization of skylight. 

At Washington all the observations made to date 
cover the range of only the five cards numbered 4 to 8, 
inclusive. Skies whiter than that represented by card 

0. 4 are unfit for solar radiation measurements at 


normal incidence, while skies darker than No. 8 have 
not been observed at this station. We may therefore, 
for the sake of convenience, arbitrarily designate the 
cards as follows: No. 4, whitish sky; No. 5, poor sky; 
No. 6, average sky; No. 7, good sky; and No. 8, excel- 


lant sky. 
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As will be seen from the figure there appears to be « 
very close relation between the blueness of the sky and 
horizontal visibility. This is to be expected as water 
vapor and dust both whiten the sky and decrease 
visibility. 

The relation between sky color and the elements, 
visibility, polarization, solar radition intensity at 2 air 
mass (zenith distance of the sun 60°), dust particles per 
cubic centimeter, relative humidity, vapor pressure, and 
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the average number of days since rain occurred is 
presented in Table 1. ’ 

Very slight correlation exists between sky color and 
the: number of dust particles per cubic centimeter. 
This is probably explained by the fact that at Washing- 
ton the dust particles consist principally of smoke of 
wears origin, which does not extend to any considerable 

eight. 

he intensity of solar radiation increases with increase 
of depth of color of the sky, but the most rapid increase 
occurs with change in sky color from white to poor sky, 
and a small increase with change from poor ‘to average 
sky. The increase from this point on is quite regular. 
It is thought that a longer series of measurements, which 
would tend to eleiminate seasonal effects, would smooth 
out this apparent anomaly. 

Generally speaking, there seems to be a fairly close 
relation between sky color and both relative humidity 
and vapor pressure. Unquestionably a longer series of 
measurements would intensify this relation. Unfortu- 
nately, however, the paucity of observations does not 
permit of dividing them into seasonal groups. 

One of the most interesting facts brought to light by the 
table is the very close relation between sky color and the 
number of days since rain occurred. The reason is 
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apparent however, when we consider the efficiency of 
precipitation as a cleanser of the atmosphere.' 

Rapid indications of the vertical distribution of pre- 
cipitable water and dust in the atmosphere might be 
made by matching the color of the sky against these 
cards during airplane flights. Unquestionably, at an 
altitude of 15,000 feet skies as dark, as that represented 
a nna No. 12 would be observed, and probably even 

arker. 


TaBLe 1.—Relation between sky-color and other meteorological. 


elements 
Number 
ation| Num 
neidence.| par 
Color scale bility polari- Qair | per cubic R. H. V.P. days 
zaton mass. centi- rain 
Gr. cal. | meter 
cm.? 
Miles | Per cent Per cent Inch 
16. 5 52.9 883 52 0. 228 25 
24.8 60. 3 1.18 594 53 202 2.0 
30. 8 61.1 1.19 660 49 126 18 
37.2 62.5 1. 26 44 -172 Ll 
50. 0 62.7 1.37 627 33 . 031 0.0 


1 Kimball, Herbert H. & Hand, Irving F. 


1924. Investigation of the dust content of 
the atmosphere. Mo. Wea. Rey. 52:133-141. Washington. 


NEW DEFINITIVE SCALE FOR SOLAR-CONSTANT VALUES 


The following letter explains a recent change made in 
the scale of solar-constant values published on the 
Washington Daily Weather Map: 


SMITHSONIAN INSTITUTION, 
Washington, D. C., June 27, 1927. 


Dear Proressor Marvin: A few days ago we mailed to the 
observers in Chile an entirely new set of tables of reduction of the 
short-method and long-method observations which are based on 
an exhaustive study of four years of the latest and best obser- 
vations. 

As the values hereafter are intended ‘to be definitive, I have 
directed the inclusion of a horizontal factor to be applied to all 
values to reduce them to the scale of 1920, which is also, so far as 
we know, the scale of the Mount Wilson observations. You 
will recall that in my recent paper entitled ‘‘A Group of Solar 
Changes’’! I indicated in Table 2 that the values as now being 
furnished appear to be 0.012 calorie below the scale of 1920. The 
new definitive reduction which is entirely independent of this 

estimate and is based upon different data, indicates for that differ- 


1 Smithsonian Misc. Coll., vol. 80, No. 2. 


ence approximately 0.014 calorie; that is to say, the difference 
between the earlier estimate and this final uction is within 
one-tenth of 1 per cent of the value of the solar constant. 

We have compared a large number of results based upon the new 
method of reduction with the results which have been daily fur- 
nished you for the last 16 months, and we find that the average 
accidental difference of daily values (the definitive new method as 
compared with the provisional method) comes out 0.004 calories, 
or two-tenths of 1 per cent. 

You will be glad to know that the definitive reduction has been 
based on Montezuma data alone, just as if no other station in the 
world existed, and that the residual corrections for imperfections 
of the function-transmission curves and for uncertainty of allow- 
ances for atmospheric humidity—those final residual corrections 
I say—are always less than 1 ae? cent and for about 75 per cent of 
the days are less than one-tenth of 1 percent. If they were omitted 
altogether, the result would be negligible in monthly means. 

When the telegrams begin to arrive on the new definitive scale, 
there will be a sudden jump of approximately 0.014 calorie on 
account of the reduction to the scale of 1920. ereafter I antici- 
pate there will be no further change. 


Very truly yours, 
C. G. Apsor, Acting Secretary. 
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NOTES AND ABSTRACTS. 


THE CLIMATE OF COIMBRA? 
By Prof, ANsELMO Ferraz pp Carvatno 


Professor Carvalho has summarized the meteorological — 


observations made at the Observatory of Coimbra during 
‘the 55 years 1866-1920 and presents his results in two 

arts. The first treats of the elements of climate of 

oimbra as defined by the entire observational period; 
the second treats of the temperature of the air in very 
great detail, and the statistics (the tables of data) give 
the daily means, the daily maxima and minima for the 
50-year period, 1867-1916. Daily means in groups of 
5 days each are also presented. . 

Coimbra, N. latitude 40° 12’, W. longitude 8° 25’, 
altitude 141 meters, occupies a central position in the 
western margin of the Iberian Peninsula, and its climate 
therefore represents a form intermediate between that of 
the northern and the southern portions of this peninsula. 
The latter is very much under the influence of the semi- 
permanent area of high pressure centered over the 
Azores, and we should therefore expect rather strong 
climatic variations, notwithstanding its marine exposure 
on the west. 

The series of temperature observations is quite homo- 
: batons throughout the entire period and the means 
~ have been calculated from the 24-hour readings. 

The averages of the annual means in groups of 20, 30, 
40, 50, and 55 years are asfollows: __ 


°C 
14, 82 
14. 72 


~ Thus showing first a slight rise and the in the last half of - 


the record slowly diminishing temperature. The annual 
mean may be taken as 14.7° C.; the lowest yearly mean 
was in 1889 with 13.56° and the second lowest annual 
mean was 13.74° in 1917; the highest annual means were 
in 1881 and 1899 with 15.85° and 16.20°, respectively ; 
hence the coldest years were: but about 1° C. alow the 
mean and the warmest years 1.5° above’ the annual mean, 
or an amplitude of 2.5° C. (4.5° F.). 

Discussing sun spots and air temperatures, Professor 
Carvalho observes that the generally recognized relation 
of sun spots to terrestrial temperature—maximum 
-spottedness of the sun corresponding to low temperature 
and the opposite—is not confirmed by the Coimbra ob- 
servations. He states (p.°42): 


With exception of the maximum of 1883.9, 1894.1, and 1917.8 


which correspond to minimum temperatures, the variations in the 


- number of spots are better represented by a curve parallel to and 
and not opposite to that of the variations of temperature * *., *. 
The record of precipitation shows two groups of maxi- 
mum rains and one of .minimum, which, considering 
Coimbra’s maritime exposure, is in opposition to Briick- 
ner’s rules. The years'ofhedvy precipitation were 
1879-1881 and 1914-1916; the years of deficient rains 
were 1896-1898. The last-niaiied series of dry years was 
preceded by the year. of. greatest. precipitation in the 
entire series, Here again. the tendency of one extreme 
being immediately followed by another in the opposite 
direction is manifest) 
Students of weather. periodicities will find valuable 
material in Professor Carvalho’s work.—A. J. H. 


The Climate of Coimbra, Anselmo Ferraz de Carvalho, Lisbon, 1922. 
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THE RANGE OF ATMOSPHERICS 
[Reprinted from Nature, May 7, 1927] 


The distances over which an atmospheric may ae 
disturbance of broadeast reception was discussed. The 
committee organized ‘experiments in which observers in 
the British Isles; Norway, Germany, France, Spain, 
Morocco, and Madeira recorded disturbance of broadcast 
talks, while the sources of the atmospherics were identified 
by radio position finding by the organization set up in the 
Department of Scientific and Industrial Research on the 
advice of its Radio Research Board. Many of the sources 
were found to lie in regions of meteorological disturbance. 
Atmospherics from beyond the Azores have disturbed the 
reception of Daventry’s signals in Paris and of London’s 
signals in Aberdeen, and a thunderstorm at Rome dis- 
turbed reception in Spain, France, Madeira, the British 
Isles, and Norway. Many atmospherics are heard at 
distances exceeding 1,800 miles from their sources, and 
may reach at least 4,500 miles. There is no evidence of 
the presence of many atmospherics with a short range of 
disturbing effect.—R. A. Watson Wait, at meeting Royal 
Meteorological Society March 20, 1927. 


PRELIMINARY OBSERVATIONS ON SOLAR ACTIVITY 
AND RADIO RECEPTION 
(Laboratory for Special Radio Transmission Research, conducted jointly by the Bureau 


of Standards and the American Section of the International Union of Scientific Radio 
Telegraphy] 


Recently a study of our observational data has been 
begun in regard to a possible relationship between radio 
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Fig. 1.—Annual average signal intensity of Nauen (AGS) and sun-spot numbers 


signal strength and solar activity. For this purpose we 
have rough shunted telephone observations on Nauen as 
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accurate measurements since 1922. Some preliminary 
results are shown in the figures. 

In Figure 1 the annual averages of sun-spot numbers 
and of daylight signal strength of Nauen, reduced to a 
constant antenna current, from 1915 to 1926, are given. 
The earlier years of the Nauen reception curve have little 
claim to accuracy, but it is certain that there was a 
reception maximum in 1917 and low values from 1920 to 
1924. 
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Fic. 2.—Monthly deviation from three-year monthly averages of sun-spot numbers 
and signal (LY, KET, AGS, FU, FT, 10a. m. and 3 p. m.) 


Figure 2 shows the relationship between the monthly 
average sun-spot numbers and the deviations of the 
individual monthly daylight means of several stations 
from the averages of the corresponding months for the 
three years—1924, 1925, and 1926. Thedeviations rather 
than the monthly averages are used to eliminate the 
rather large seasonal variations. These curves of sun 
spots and signals, while not following each other exactly 
from month to month, appear to show a quite definite 
positive correlation between solar activity and strength 
of long-wave daylight radio transmission averaged over 
long periods —L. W. Austin. 


INTERRELATIONS OF PRESSURE ANOMALIES OVER 
THE EARTH! 


By F. M. Exner 
{Reprinted from Science Abstracts, April, 1927, sec. No. 917] 


The author tabulates as in a previous paper [see 
Abstract 1836 (1925)] the mean monthly pressure anom- 
alies for the winter and summer half-years for 71 stations 
scattered over the world. The pressure at Obdorsk is 
correlated with the other poo, and a region between 
40° and 60° N. quite round the earth has with this place 
almost a zero correlation. Eight stations on or near this 
area are chosen and their pressure anomalies for the 
winter half-year correlated. with the whole of the 71 
stations. A shorter method of arriving at the results is 
then examined, using an extreme positive or negative 
anomaly at each of the 8 selected stations and finding the 
corresponding values for all the others. The results are 
exhibited in a series of charts and explained in detail. 
The method gives the influence of abnormal pressure. at 
one place on the pressure at other parts of the earth. ‘The 
possible dynamical and thermal considerations which may 


1 Akad. Wiss. Wien. Ber. 135. 2a. No. 7-8, pp. 333, 355, 1926. 


“MONTHLY WEATHER REVIEW 
received in Washington, beginning in 1915, and more 


‘May, 1927 


produce these results are examined and applied in several 
eases. Polar regions are mostly places of maximum 
influence, while southwards over the sea there are also 
places of large correlation. Continental regions have a 
small influence. Next, assuming particular anomalies at 
2 selected stations, the author considers how the average 
pressure distribution is produced, and gives tables and 
graphs of his tests for six combinations of two places in 
the Northern Hemisphere when their pressure anomalies 
are of the same sign and of opposite sign, using again 
the winter half-year. For a clearer picture of the origi 
of the pressure distribution over the earth a longer series 
of observations than 30 years would be necessary, and 
combinations of pressure anomalies at three. places 
should then be taken, with also due consideration. to, the 
temperature anomalies.—R. 8. 


WEATHER BUREAU STAFF MEETINGS, 1926-27 
By W. Secretary 


The regular biweekly meetings of the scientific and 
technical staff of the Central Office of the United States 
Weather Bureau, initiated in the autumn of 1923, have 
been continued on the same plan as neretofore during 
the winter of 1926-27. . Following is a list. of the discus- 
sions. (Asterisks denote speakers not officially connected 
with the Weather Bureau.) wenengs duri revious 
seasons have been reported in the MontHLY W2aTHER 
Review, 1924, 52, 35-36, 166; 1925, 53, 264; 1926, 54, 
215-216. 

October 6, 1926 
W. Woolard. Seiches in lakes, and the application of 


EZ. 

’s theory to Lake Vetter. 

" ts G. Rossby. Remarks on the influence of winds on lake 
vels. 


October 20, 1926 
W. R. Gregg and L. T. Samuels. National and international 


sounding balloon explorations; preliminary results of the sounding 
pom ae observations made at Royal Center, Ind., during May, 


‘November 3. 1926 
*L. Gorczynski. Demonstration of thermoelectric radiation 


instruments, and some solar radiation measurements obtained in 
the Sahara Desert. 
November 17, 1926 


H. H. Kimball. A review of Angstrém’s paper on “ Radiation 
and Climate.” 
December 1, 1926 
an W. Woolard. The thermodynamical relations of the free 
atm 
L. T. Samuels. The — reduction and representation of 


aerological data at the Lindenberg Observatory. 
W. R. Stevens. The tephigram. 


December 15, 1926 
W. J. Humphreys. The tornado, 
| January 12, 1927 


W. C. Haines. The Byrd Arctic expedition.’ 
8. P. Fergusson. The University of Michigan expedition to 


Greenland. 
January 26, 1927 


R. H. Weightman, ‘The application of the polar front theory @ ry to 
American weather maps. 
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May, 1927 


E. W. Woolard. Modern meteorology. . 
February 23, 1927 


$C. G. Rossby. Atmospheris’ tutbiilerice: ‘some recent fesults 
and their practical applicability. 


9, 1927 
W. R. Stevens. The equatorial front. 
"March 23, 1927 


4]. Toes. Studies of daylight. 


4 


April.6, 1927 

+E. Sydenstricker. Weather and respiratory diseases. 

April 20, 1927. 
‘4M. B. Waite. Relation of weather to plant diseases. 
| May 4, 1927 

| 7 18, 1927 

*T, B. Rice. Relations of climate and weather to soils. 


WEATHER IN THE AMERICAS AS. AFFECTING TRADE 
[Cable reviews to Commerce Reports] 


British Guiana, 24—The heavy seasonal rains 
will have a beneficial effect on coming crops, and help to 
maintain transportation on the rivers, which is the 
primary means of communication with the interior 
mining regions. 

U; y— Montevideo, May. 25.—The drought which 
revailed in the interior was relieved by recent rains, 
ut oo fail to indicate that the precipitation was 

Trindad, May 26—Heavy rains in April proved 
favorable to the cacao crop but retarded sugar produc- 


tion. 


METEOROLOGICAL SUMMARY FOR SOUTHERN SOUTH 
7 AMERICA, APRIL, 1927 
By J. Bustos Navarrete, Director _ 
[Observatorio del Salto, Santiago, Chile) 
The region of Chile’ receiving rain during April ex- 
tended from Concepcion to Magellanes. 
The most important anticyclonic centers were the 
following: That of ‘the 1st-3d bringing generally fair 
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weather and moderate temperatures; that of the 13th— 


19th forming in the region of Chiloe and immediately 
moving toward the Atlantic coast and northern Argen- 
tina accompanied in Chile by fine, dry weather with 
severe cold —21° F. (—6° C.) at Lonquimay; and that of 
the 19th-25th remaining stationary in the region of 
Llanquihue and Chiloe and giving rise to fair weather 
and cold wave conditions. . 

There were four important cyclonic depressions. 
From the 4th to the 6th a storm crossed the extreme 
south, ———- strong winds and rain over the entire 
region south of Concepcion; the maximum rainfall in 24 
hours was 1.38 inches (35 mm.) at Vallidfvia. The 
depression of the 12th caused light rain in Chiloe. The 
depression of the 18th-19th was accompanied by rain 
as far north as Valdivia, where the amount was 0.75 
inch (19 mm.) and that of the 28th-30th brought strong 
north winds and rain still farther north to Concepcion, 
the maximum 24-hour amount at this time being 1.85 
inches (47 mm.) at Puerto Montt. 

The paths of these depressions lay between latitudes 
45° and 55° south, crossing the southern part of the 
continent.—Transl. W. W. R. 


METEOROLOGICAL FOR BRAZIL, APRIL, 


By J. pe Sampaio Ferraz, Director 


(The Meteorological Office, Rio de Janeiro) 


Secondary circulation was still more active than in the 
previous month. Six anticyclones crossed the southern 
part of the continent by the usual tracks. Depressions 
of the high latitudes were remarkably frequent, er 8s 
in the first week. The fourth nien brought fresh winds 
to the coast. The fifth area of high pressure, after a stop 
of a couple of days in the extreme south, followed an east- 
northeastern direction, causing high winds in its passage 
to the Atlantic and the first accentuated drop of tempera- 
ture of the season. | 

Rainfall was generally well above normal in the north 
and central ot scarce in the southern section of the 
country. 

Rio’s weather was dry, fine, and warm, with pressure 
above normal. .On the 24th were felt high winds from 
the west. | 

Weather, excepting restricted local cases of adversities, 
some of them owing to irregular distribution of rainfall, 
either in excess or otherwise, was in a general way fa- 
vorable to crops. Vegetables in the south suffered 
through lack of precipitations. 
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RECENT ADDITIONS 


The following have been selected from among the 
titles of books recently received as representing those 
most likely to be useful to Weather Bureau officials in 
their meteorological work and studies: 


American geophysical union. Section of terrestrial magnetism and 
electricity. 
Reports presented at annual meeting, April 18, 1921. Wash- 
ington. 1922. p. 54-77. figs. 25 ecm. (Repr.: Bull. 
nat. research council, no. 17.) 
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en met. observ. te Batavia. erhandel. no. 19.) 
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Réorganisation du Service pluviométrique dans le Départe- 
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Boffito, Giuseppe. 

“Chronicon meteorologicum” dalla fondazione di Roma. 
Firenze. n.d. 10p. 30cm. (Estr.: La Bibliofilia. a. 25, 
disp. 10*-11* e segg.) 

Boffito, Giuseppe, & Niccolari, Pantaleo, comp. 

Bibliografia dell’aria. Saggio di un repertorio bio-biblio- 
grafico italiano di meteorologia e di magnetismo terrestre. 
Firenze. [1916.] Lettera A. 152 p. 29} cm. [Estr.: 
Bibliofilia, v. 14-17.] 

Brown, A. Samler. 

Brown's Madeira, Canary Islands and Azores. A practical 
and complete guide for the use of tourists and invalids 
...13th & rev. ed. London. 1927. v. p._ plates. 
maps (fold.). 19 em. [Contains notes on climate and 
meteorology.] 

Durst, Charles Sumner. 

Doldrums of the Atlantic. London. 1926. p. 229-238. 

front. (chart). diagrs. 31 cm. (Gt. Brit. Met’l off. 
1 Geophys. mem., no. 28.) 
Great Britain. Air ministry. 

Approach towards a system of imperial air communications. 
Memorandum by the Secretary of state for air, laid before 
the Imperial conference, 1926, together with the report of 
the imperial air communications special subcommittee. 
London. 1926. xiii, 91 p. plates (part fold.). 334 cm. 

Gregg, Willis Ray. 

"lsesalenr and its application to flying. p. 107-117. 
illus. 24} cm. [In American academy of political and 
social science. Annals. Aviation, edited by Frank A. 
Tichenor ... Philadelphia. 1927.) (v. 131, no. 220, May, 
1927.) 

Holdefleiss, P. 

“Uber den Einfluss der Witterungsfaktoren auf die Ernteer- 
trige.” Beitrag zum Gebiete der ‘ Landwirtschaftlichen 
Meteorologie’’ auf Grund der Beobachtungen der meteo- 
rologischen Station des Landwirtschaftlichen Instituts der 
Universitat Halle a. S. Berlin. 1925. p. 53-78. 25 cm. 
(Sonder-Abdruck: Kiihn-Archiv ... Festschriften zur Feier 
des 100. Geburtstages von Julius Kihn.) 

International meteorological committee. 

Bericht tiber die 12. Versammlung des Internationalen 
meteorologischen Komitees in Wien, September, 1926. 
Wien. 1927. 54 p. 244 ecm. (Zentralanst. fiir Met. 
und Geodynamik. Pub. Nr. 130.) 

Kessler, 

Die Niederschlags- und Temperaturverhiltnisse der Provinz 
Oberhessen und deren Einfluss auf die landwirtschaftliche 
Bodenkultur. 36 p. fig. plate (fold.). 23}¢m. (Sonde- 
rab.: Bericht der Oberhessischen Gesellsch. fiir Natur- und 
Heilkunde zu Giessen, Bd. 2, 1926. Naturwissensch. 
Abteil.) 

Luz, Johann Friederich. 

Unterricht vom Blitz und den Blitz- oder Wetter-Ableitern 
zur Belehrung und Beruhigung sonderlich der Ungelehrten 
und des gemeinen Mannes. Frankfurt. 1784. 150 p. 
plate (fold.). em. 

Mackenzie, Stuart. 

How many tons of rain will fall on your town? v. p._ illus. 

29} cm. [Amer. mag., v. 101, Apr., 1926.] 


Montessus de Ballore, R. de. 

La méthode de corrélation. Paris. 1926. 46 p. figs, 

314cm. (Office nat. mét. de France. Memorial no. 15.) 
Philippine Islands. Bureau of agriculture. 

Tracks of remarkable Vphoons which affected general weather 
conditions in the ilippines between 1903 and 1995. 
Compiled from data furnished by the Weather bureau. 
Manila. 1926. 1 sheet. 48 x 763 cm. 

Plummer, F. E. : 

Preliminary investigation into the variability of the rainfall 
of the Transvaal. p. 5-20. figs. plates. 24} cm. (South 
African geogr. journ., v. 9, Dec., 1926.) 

Rainow, R. 

Die Gewitter- und Hagelverhiltnisse in Bulgarien. Sofia, 
1925. p. 33-75. figs. 24 em. (Sonderab: Jahrb. der 
Univ. Sofia, Physiko-math. Fakultét, Bd. 21, H. 5, 1925.) 
[Résumé in German.] 

Rhéne. Commission départementale de météorologie. 

Sur le tir grélifuge et ses effets. Lyon. 1907. 22 p. plate 

(fold.). 28 cm. 
Rikovsk#, Fr. 

Vztah mezi atmosferickfmi sréZkami a nadmofskou vyskou 
na Moravé a ve Slezsku. (Le rapport entre les précipita- 
tions atmosphériques en Moravie et en Silésie et |’altitude 
au-dessus du niveau dela mer.) Brno. n.d. 15 p, diagr. 
23 em. (Pub. Fac. des sci. de l’Univ. Masaryk. Cis. 78. 


1926.) 
Sayers, R{oyd] R{oy], & Davenport, Sara J. 

Review of literature on the physiological effects of abnormal 
temperatures and humidities. p. 933-996. fig. 234 cm. 
(U. 8. Public health serv., v. 42, no. 14, Apr. 8, 1927.) 

Scotland. Min. of agric. & fish., & bd. of agric. Agricultural meteor- 
ological scheme. 

Report on agricultural meteorological conference. 1926. 
Held at the Meteorological office, South Kensington, 8. W. 7, 
on September 30th and October Ist, 1926, under the chair- 
manship of Sir Napier Shaw, F. R. 8S. n. p. n.d. 53 p. 
plates (part fold.). 323 cm. 

Simpson, G. C. 

Mechanism of a thunderstorm. p. 376-401. figs. 25} cm. 

(Proc. Royal soc., A, v. 114, 1927.) 
U. S. Commerce dept. Aeronautics branch. 

Airway bulletin. [Washington.] 1927. v. p. 18} em. 

{Airway bulletins of different states.] 
Wiese, W. 

Uber die Vorhersage der Zeit des Aufganges der Newa. p. 
13-24. plate. 25} cm. [Russian text with German ab- 
stract, p. 23 ffg.] [Bull. de l’Inst. hydrol. Leningrad. 
no. 17, 1926.] 


RECENT PAPERS BEARING ON METEOROLOGY 


The following titles have been selected from the con- 
tents of the periodicals and serials recently received in 
the library of the Weather Bureau. The titles selected 
are of papers and other communications bearing on 
meteorology and cognate branches of science. This 38 
not a complete index of all the journals from which it has 
been compiled. It shows only the articles that appear to 
the compiler likely to be of particular interest in connec: 
tion with the work of the Wosher Bureau. 


American meteorological society. Bulletin. Worcester, Mass. ». 8. 
May, 1927. 
Fire hazard investigations at the northeastern forest exper! 
ment station. p. 85. 
Marvin, C. F. The Wolfer sunspot numbers analyzed as fre- 
quency distributions. p. 79-84. 
at the third Pan-Pacific science congress. 


Tests of tree seed dispersal by wind. p. 87-88. | 
V(arney], Biurton] M. Early opening of navigation on the 
Great Lakes in 1927. p. 86-87. 

What trees draw lightning. p. 85-86. oa 
American society of heating & ventilating engineers. Journd 
New York. v.33. May, 1927. . 
Yaglou, C. P. The comfort zone for men at rest and stripped 

to the waist. p. 285-298. 
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May, 1927 
Annalen der Hydrographie und maritimen Meteorologie. Berli. 
55. Jahrgang. 1927. 
Baur, Franz. Zur der Symmetriepunkte im Luft- 
druckgang. p. 64-67. (Méarz.) 
Conrad, V. Bemerkungen zur Homogenitit meteorologischer 

Reihen. p. 92-93. (Marz.) 

Georgi, J. Unerwartete Ablenkung des Unterwindes durch 
Gebirge. p. 67-69. (Marz.) 

Greve. ti graphische Taupunktbestimmung. p. 89-90. 
Marz. 

Hage, Gustav. Durchstossung einer diinnen, aber kraftigen 
Unterwindschicht mittels Ballonaufstiegs von Bord. p. 
87-89. (Mirz.) 

Petersen, P. Zur Bestimmung der Windstirke auf See. 
p. 69-72. (Mirz.) 

Pollak, Leo Wenzel. Ein Hitzdrahtaktinometer. p. 75-79. 
Mirz.) 

oc, W. Temperaturen, Winde und ihre Beziehungen 
zueinander. p. 97-102. (April.) 

Ullrich, W. Betrachtung iiber den westindischen Orkan von 
25. bis 27. Juli 1926. p. 102-107. (April.) 

Boy-Ed, Emil. Meteorologische Zusammenarbeit des deut- 
schen Dampfers “Crefeld,” N. D. L., Kapitiin Th. Thele, 
mit den beiden englischen Dampfern ‘Port Lincoln’’ und 
“ Benalla.” (Mai.) 

Képpen, W. estindische Orkane im Spatsommer und 
Herbst 1926. p. 147-150. (Mai.) 

Pummerer, Paul Aus der Praxis des Flughafen-Meteoro- 
logen. p. 161-164. (Mai.) 

Aviation. New York. v. 22. May 16, 1927. 

McAdie, Alexander. The flier’s aspects of aerography. Fore- 
casting. ‘The various instruments and methods used by 
pilots and their relative values in weather forecasting. p. 
1043-1044. 

Beitrége zur Geophysik. Leipzig. 16. Band. 1927. 

of Ein neues einfaches Aktinometer. p. 269-272. 
3. Heft. 

Stager, A. Vulkanische Elektrizitit und verwandte Gebiete. 
277-328. (3. Heft.) 

Abbot, C.G. Smithsonian solar radiation researches. p. 344— 
383. (4. Heft.) 

Briickner, Ed. Alfred de Quervain. p. 341-343. (4. Heft.) 
{Obituary.] 

Ristad, A. Uber Nordlichterscheinungen in niedrigeren 
Breiten. p. 431-435. (4. Heft.) 

Stenz, Edward. Sonnenstrahlung und atmosphirische Trii- 
bung tiber dem Atlantischen Ozean. p. 431-435. (4. Heft.) 

Beitrége zur Physik der freien Atmosphdre. Leipzig. Band 13. 
Heft 2. 1927. 
eppler, Albert. Ergebnisse von Sichtmessungen in Karis- 
ruhe mit vergleichenden Untersuchungen. p. 64-114. 
Peppler, W. Lokale Stratusbildungen am Bodensee. p. 128- 


Raethjen, P. Atmosphirische Strémungsforschung durch 
hotogrammetrie. p. 148-159. 

Reger, J. es Siidostpassat. p. 59-63. 

Stamer, F. Der Drachenwagen zum Ablassen von Flugzeug- 

_ modellen und fiir aerologische Untersuchungen. p. 144-147. 

California citrograph. Los Angeles. v.12. May, 1927. 
Stokes, Frank, Jr. A night of battle with the cold and what 
_. it means to everybody. p. 236. 
Ciel et terre. Bruzelles. 43. année. 1927. 

Jaumotte, J. Les sondages aérologiques par avion et la 
théorie des cyclones de Bjerknes. 31-36. (Février.); p. 
40-54. (Mars.) 

Signore, F. L’influence des pluies sur l’activité de la Solfatare 
de Pouzzoles. p. 110-114. (Mai.) 

France. Académie des sciences. Comptes rendus. Paris. t. 184. 
16 mai 1927. 

Malmgrin & Béhounek. Mesures de la conductibilité élec- 

om de l’atmosphére dans la region du Péle Nord. 1185— 


General electric review. Schenectady. v.30. June, 1927. 
arrington, A.L. A unique installation of lightning arresters 
at the Crystal City substation of the Pittsburgh Plate Glass 
Company. p. 301-303. 

Géographie. Paris. t. 47. Janvier-février 1927. 

Rouch, J. La tempéte des “Travailleurs dela Mer.” p. 29-50. 
physical ie. Tokyo. v.1. March, 1927. 
ye . On the measurement of the wind velocity. p. 
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Gasllethast fiir Erdkunde zu Berlin. Zeitschrift. Berlin. 1927. 
no. 1-2. 
Knoch, K. E. Barkows Eepeboiess der meteorologischen 
Beobachtungen der Deutschen Antarktischen Expedition 
1911 bis 1912. p. 50-61. 


Journal de physique et le radium. Paris. t. 8. 1927. 

Cabannes, J., & Dufay, J. Mesure de |’altitude et de |’épais- 
seur de la couche d’ozone dans l’atmosphére. p. 125-152. 
(Mars.) 

Béhounek, Francois. Recherche sur |’électricité et la radio- 
activité de l’atmosphére au Spitzberg. p.161-181. (Avril. 

Meteorologische Zeitschrift. Braunschweig. Band 44. Marz 1927. 

Berlage, H. P., i. Uber den Erhaltungstrieb gewisser lang- 
periodischer Schwankungen des Luftdruckes und der Tem- 
peratur. p. 91-94. 

Biel, E. Mitteilungen tiber die Titigkeit des hydrographisch- 
en Dienstes in Italien. p. 109-110. 

Billwiller, R. Alfred de Quervain. p. 98-99. [Obituary.] 

Conrad, V. Zum Studium der Bewélkung. p. 87-91. 

Elsner, G. v. Die Erniedrigung des Barometerstandes an 
Sor, unter dem Einfluss des Windes. p. 

ond Uber Karten der barometrischen “Unruhe.”’ 
p. 94-98. 

Falckenberg, G. Neue Untersuchungen iiber die Bildung 
von Bodeninversionen. p. 108-109. 

Holtzhey, R. Meteorologie in der Teetasse. p. 108. 

Nachtrag zu “Ausstattung moderner Strahlungsobservato- 
rien.”’ p. 106-108. 

Schostakowitsch, W. Das Klima von Irkutsk nach 30- 
jihrigen Beobachtungen 1887 bis 1916. p. 81-86. 

Schostakowitsch, W. B. Die Bedeutung des Windes fiir das 
Klima Ostsibiriens. p. 101-105. 


Nature. London. v. 119. 1927. 
Whipple, F. W. Audibility of gunfire. p. 782. (May 28.) 
Perrine, C. D. Progressive lightning. p. 816. (June 4.) 
Gold, E. Weather and weather forecasting. p. 843-845. 
(June 11.) [Review of work by Defant.] 
Prof. Eduard Briickner. p. 862. (June [Obituary.] 
Nature. Paris. 1927. 
Martin, Léonard. Le nordeste du Brésil: sa sécheresse, son 
irrigation. p. 439-442. (15 mai.) 
Devaux, J. Colonnes lumineuses. p. 500-504. (1 juin.) 


Nature magazine. Washington, D.C. v. 9. June, 1927. 
Talman, Charles Fitzhugh. The thirst of the air. p. 357-361. 
Naturwissenschaften. Berlin. 15. Jahrgang. 20. Mai, 1927. 
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SOLAR OBSERVATIONS 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
MAY, 1927 


By Hexsert H. Solar Radiation Investigations 


For a description of instruments and exposures and 
an account of the method of obtaining and reducing the 
measurements, the reader is referred to the Review for 
January, 1924, 52:42, January, 1925, 53:29, and July, 
1925, 53: 318. 

From Table 1 it is seen that solar-radiation intensities 
averaged above the May normals at all three stations. 
At Washington a noon intensity of 1.45 gram-calories 
per minute per square centimeter obtained on the 27th 
equals the highest noon intensity heretofore obtained at 
that station in May. 

Table 2 shows a deficiency in the total solar radiation 
received on a horizontal surface from the sun and sky 
at all three stations for which normals have been deter- 
mined. The deficiency is pronounced at Washington 
and Madison and is due to unusually cloudy conditions. 

Skylight-polarization measurements were mad _ at 
Washington on only one day, May 27, and the percent- 
age was 56, which is only slightly above the mean for 
May at that station. At Madison measurements ob- 
tained on five days give a mean of 57 per cent with a 
maximum of 64 per cent on the 12th. These are only 
slightly below the corresponding averages for May at 
Madison. 


TasBLe 1.—~Solar radiation intensities during May, 1927 
{Gram-calories per minute per squre centimeter of normal surface! 
Washington, D.C. 


Sun’s zenith distance 


| | | | 
8a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° 70.7° | 75.7° | 78.7° |Noon 
Date | 7th Air mass Local 
mer. 
solar 
time | A.M. P.M time 
| 50 | 40 | 30} 20 1110) 20] 30 | 40 | 50) e 
| mm. | cal. cal. | cal. | cal. | cal. | cal. | cal. | cal. | mm. 
May 27 --| 6.27 0 68) 0 82) GOW. 5.79 
Means. (0.65) (0, 78) (0. 95)|(1. 14) 1. 30 (1. 
Madison, Wis. 
May 5 én 5.16 
4. 57 
3.15 
10. 97 
May 18 se 6. 76 
14. 60 
May 25......-.. 7.87 
3.81 
May 18........ 7. 29 
May 14........ 4. 37 
12. 68 
May 25........ 6. 50 
8. 48 
8.81 
Means. 0.90; 1.06) 1.25) 1.40)(1.13)| 0.97) 0. 
Departures... +0. 09'+-0. 11/+-0. 01/+0. 63)+-0. 04/+-0. 05)—0. 12)... 
1 Extrapolated. 


Taste 2.—Solar and sky radiation received on a horizontal surface 
{Gram-calories per square centimeter of horizontal surface] 


May, 1927 


{ 
Average daily radiation 
te be- 
ginning— 
Wash-| Madi-| Lin- | Chi- | New | Twin || Wash-| Madi-| Lin. 
ington | son coln eago | York Falls || ington! son coln 
| 
Apr.30...|  417| 304! 1616|) -23| -7 
May7....| 346| 338| 307| 6515|| —106| -122| 
May 14... 375| 551| 261 343 | 47 
May21.... 366| 592 343| 206 | (2) -112| +5 
May 28... 370| 208) 366| 627] —122) —181| -% 
Deficiency since first of year on June 3_.-........------------- —7, 602 |—6, 048 | —6,090 


1 Five-day mean. 


2 Main-spring of register clock broken. 


POSITIONS AND AREAS OF SUN SPOTS 


{Communicated by Capt. Edwin T. Pollock, Superintendent U. 8. Naval Observatory] 


{Data furnished by Naval Observatory, in cooperation with Harvard, Yerkes, and 
Mount Wilson observatories} 


1 
Eas tern Heliographic Area 
standar 
Date civil Longi- 
time tude Latitude} Spot | Group 
—35.0 +19.0 
+32.0 —23.0 |.......- 91 
12 49 —73.0 +14. 0 273 
— 56.0 +15. 0 |_...-.-. 500 
—51.0 —23.0 
—21.0 +11.0 
—21.0 —12.0 91 
+53. 0 Ol 212 
— 58.0 121 
—52.0 404 
+24.0 333 
—44.0 106 
—37.0 —15.0 379 
—26. 0 318 
+37.0 +14.0 |_...--.-- 364 
Apr. 13 (Harvard)... 10 51 —2.0 76 
+110 —16.0 364 
+26. 0 al 
—31.0| —17.0 |_..---.- 288 
—80 —21.0 
+28. 0 +24. 0 |.....-.-- 106 
Ape. 16 49} —520| 106 
—~—19.0 +4.0 
+26.0 242 
—9.0 136 
+36. 0 —12.0 61 |-------- 
May 1 (Naval Observatory).......-.-- ll 48 410.6 168 
+6. 5 18 
+50.0} —14.0 
May 2 (Naval Observatory)-_......-.-- 11 45 —74.0 y 
+9. 5 
+19. 5 
+62. 5 
May 3 (Naval Observatory) ll 48 —60.0 
— 4.0 
+22. 5 
+33.0 
—48.0 
—4L0 
—6.0 
May 5 (Naval Observatory) ll 44 —38.5 
— 26.0 
+26. 0 
+44. 5 
+53. 0 
—23.0 
—15.0 
+35. 0 
+66. 0 
May 7 (Naval Observatory) -......-.-- 12 2 —10.0 
+3.0 
+14.0 
+50. 5 
+84. 0 


1 Areas are corrected for foreshortening and are expressed in millionths of sun’s visibl 
hemisphere. 
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Date 


1927 


May 8 (Harvard) - 


May 9 (Naval Observatory)..........- 


May 12 (Mount Wilson) ........-...- 


May 11 (Naval Observatory)..-.-..... 


May 10 (Naval Observatory)..---.-.-. 


May 13 (Naval Observatory).......... 


May 14 (Harvard) 


sa 
fan 


53572—27——3 


May 17 (Naval Observatory).........- 
May 19 (Naval Observatory)........-- 


May 18 (Harvard)... 


May 15 (Naval Observatory) ........-- 
May 16 (Mount Wilson) 
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ire - ------------------- 
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~51 
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AEROLOGICAL OBSERVATIONS 
By L. T. Samue.s 


Free-air temperatures were abnormally high over the this station was on the southwestern boundary of gp 
southern part of the country and abnormally low over extensive high-pressure area which covered the cou try 
the northern part. (See able 1.) The pronounced west of the Rocky Mountains. The distinctive feature 
degree to which this latitudinal temperature gradient shown by the balloon observations was the existence of 
obtained during the month is well shown by the differ- unusually deep southeasterly winds of low velocity, 
ence between the mean temperatures for Ellendale and These reached 4,300 and 5,500 meters, respectively, on 
Groesbeck at the 3,500-meter level. This amounted to the dates mentioned. 
16.5° C., whereas the normal difference between these 
two stations at this height in only 6.2° C.. Note also 748%" 1.—Free-air ond 
that the difference 16.5° at 3,500 meters is 2.8° greater 
than the difference occurring between the surface at these ace: 


two stations Broken Ar- Ellendale Royal Cen-| > 
Due West, » | Groesbeck, | Ven-| 
The positive monthly temperature departures for (i4im.)| tInd. | 
Groesbeck were exceptionally large, amounting to 5.5° C. Altitude | —| gf 
at 3,500 meters. One of the effects of this abnormally (m.) © 
warm air at the upper levels was a decided lack of precipi- tefl 
tation throughout the month at this station, measurable i : 
amounts falling on only 3 days. At Ellendale, where the ™ 
upper were er than normal, there an 42 417) 103] 41.3 15 3 
excess in the monthly precipitation, measurable amounts 42.3} 19.3] 41.3, —29 21.2 41.2) 129 169 
falling on 17 days and the total rainfall exceeded all 109) 42.1) 17.8 415 81) 19.9 +13) 11-4) 
4 —3.0 . 2} —0.4) 13.4 
The resultant winds at Ellendale, as might be expected 
in view of the abnormally low temperatures, contained a 11.3] +3.4] 69 +06 -10 15.5 +4.6 “1 +14) 48 
mal southerly component. (See Table 2.) At Groes- 
the resultant winds contained a greater southerly com- 
ponent than normally. RELATIVE HUMIDITY (%) 
With but few minor exceptions the relative humidity 
departures for the month were of opposite sign to those 
for temperature. The largest departures occurred in the 
higher levels at Groesbeck, where also the greatest excess 
in temperature was found. In most cases the vapor 
pressures were of the same sign as those for temperature. 
During the last five days of the month record tempera- 
tures prevailed at various levels at Broken Arrow, Groes- —16 64) +12 
by as much as 14° C. at the 1,500-meter level at Broken eat cap ‘ 
Arrow on the 28th. These high temperatures were 
associated wi - 18. 75|-42. 19} 15.81/40. 73| 9. 39'+0.06) 22. 64'-+2. 83 12. 82'+0. 81) 13.82 
with a pronounced low pressure area, and as 250 18. 16] 15. 66 87 21. 94 12.91 +1. 07) 12.81 ke 
would be expected in view of the small lapse rates and 16. 85) 13 96 +0. 140.06, 20.17 42.88 11.47 +1 25, 
was extremely scant. 03 8.77 1.2 
° 9. 55, 9.72 +0.67, 6.46,+0. 36) 10. 28/+0.02 7.80+1.06) 8W 
The free-air winds as shown by pilot-balloon observa- 7720.40 $3440.30 6.04 +0.80 
tions at Los Angeles on the 13th and 24th were of special 2 422.40 
significance in view of the fact that on the following days, —0.68, 3.19 —0.37 2.05,-1.76 2.37 +0.2)...- 

: —0. 2 22,—0.49, 2.03'-+-0. 1. 57 +0. 13}...-.- p 
viz, 14th and 25th, the surface temperatures at this 168/40 109 +0. On 
station were exceptionally high, being 36.7° C. (98° F.) 
and 33.3° C. (92° F.), respectively. On both occasions 1 Naval air station, D. C. . 

TaBLe 2.—Free-air resultant winds (m. p. 8.) during May, 1927 st 
tl 
Broken Arrow, Okla. Due West, S. C. Ellendale, N. Dak. Groesbeck, Tex. Royal Center, Ind. Washington, D.C. 

Altitude (233 meters) (217 meters) (444 meters) (141 meters) (225 meters) (34 meters) 
a Mean 9-year mean Mean 7-year mean Mean _=—s—[i0-year mean Mean 9-year mean Mean 9-year mean Mean | 7-year mess R 
Dir. |Vel| Dir. |Vel| Dir. |Vel] Dir. [Vel] Dir. [Vel] Dir. |Vel| Dir. [Vel Dir. [Vel| Dir. |Vel| Dir. |Vel) Dir Vel, Dir. 

Surface__..|S. 10°W.| 5.1/8. 8°E.| 2.1/8. 78°W.| 3.8/8. 84°W.| LOIN. 8°E.| 29|N. 7°E.| 0.7/8. 2°W.| 7°E.| 2.4)S. 58°W.| 1.7)S. 75°W.| 0. 4|N.89°W. di 
8. 10°W.| 5.3/8. 8°E.) 2.28. 76°W.) 4.28. S. 1°W.| 6.1)S. 6°E.| 3.0/S. 53°W.) 1.8)S. 63°W.| 0.4/N.84°W 

66S. 208. 72°W. 628. LON. SE) OFS. 7.8 | 43'S. 3.918. 1.58. 4. ON. 
S. 14°W.| 7.28. 7°W.) 3.48. 78°W.| 7.7/8. 82°W.) 19°E.| 2.4/8. 61°F.) 0.2)S. 3°W.| 9.4/8. 7°W. 4.9/8. 49°W.| 4.85. 68°W. 228 85°W 5.0.N.72° ‘4a ag 
1,000... 8. 25°W.| 7.9). 22°W.| 3.7/8. 79°W.| 9.0/8. 85°W.| 26°F. 1.7] 0 4/8. 12°W./10. 08. 18°W.| 5.4/8. 61°W.| 5.6)8. 80°W.| 2 98. 87°W,| 5.7.N.73°W. - 
S. 33°W., 8.9.8. 36°W.| 4.0.8. 83°W.|10. 6S. 81°W.| 4.5.N. 2°E,| 0.9/8. 29°W.) 0.8/8. 19°W.| 9. 26°W. 5.4/8. 65°W.| 7.1/8. 88°W.| t 
8. 8.88. 4.38. 81°W. 11. 1/8. 78°W.| 5. 5.N-37°W.| 1.418. 41°W| 1.218. 26°W.) 9.4/8. 5. 1/8. 8.318. 85°W.| 3. 8.N.82°W.| 6.9N.68°W ot 

S. 59°W.) 9.1/8. 63°W.| 4.7/S. 78°W./11. 5/8. 80°W.| 6. 8|N.63°W.| 3. 64°W.) 2. 3/S. 28°W.) 8.4/8. 45°W.| 5.0/8. 75° W .|10.4/S. 87°W.| 6.3.N.83°W. 9.2N.71°W 
S. 68°W.| 9.8/S. 79°W.| 5. 6)S. 77°W./12. 8/8. 81°W.) 9.0/N.87°W.) 5. 1/S. 67°W.) 3.9/S. 36°W.) 6. 59°W.! 5. 1/S. 81°W.)13. 0|N.88°W.| 6.4,N.85°W. 11. Oy 
S. 80°W.) 9.5 | 6.28. 78°W.12 6S. 85°W.| 8 9IN-77°W.| 8 OS. 5 43°W.| 5.5/8. 74°W.| 6 1|N.88°W 15. 1/N.79°W_| 8.3.8. 
8. 78°W 12 1.N.86°W.| 7. 7)N.82°W 1|N.86°W 10. 1S. 81°W. 6.4|8. 72°W.| 8.4/8. 86°W.| 7. 4N-84°W 14. OIN.76°W.| in 
4,000. 80°W. 12 5.N.85°W.| 8 818. 88°W. 11. 1|N.88°W.| 81) |W. 1|N.85°W 13. 4|N85°W.| 8.8 N-68°W 9 N.620W. 
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WEATHER IN THE UNITED STATES 


GENERAL CONDITIONS 


The exceptional features of the month as a whole can 
be explained in terms of the distribution and movement 
of cyclonic and anticyclonic systems and the free-air 
temperatures. (See Aerological observation.) More or 
Jess stagnation of the former at times contributed to the 
heavy rainfall of the Missouri, middle Mississippi, and 
lower Ohio Valleys. The temperature was below normal 
in about one half of the country and above in the other 
half. (See Charts III and IV.)—A. J. H. 


CYCLONES AND ANTICYCLONES 


Fifteen Lows and eight uiaHs were plotted during 
May. The only general storm area of importance de- 
veloped over the Great Basin on the 6th and died out 
over eastern Maine on the 11th. This storm reached its 
maximum intensity on the 8th and 9th, with a sea-level 
pressure of 28.78 inches at North Platte, Nebr., at 8 p.m. 
of the 8th. High-pressure areas were generally unim- 
portant; but toward the end of the month the pressure 
was much above the normal over the Canadian interior, 
and this excess of pressure was moving southward over 
the North Central States at the close of the month.— 
W. P. Day. 


THE WEATHER ELEMENTS 
By P. C. Day, in Charge of Division 
PRESSURE AND WINDS. 


May, 1927, as a whole was in no important sense an 
unusual month; still widely separated sections had rather 
pronounced variations in certain features from. the 
weather usually experienced in that month. 

scam. | the important local items of unusual conditions 
appear the large number of severe storms that developed 
in the Plateau and Rocky Mountain regions; the un- 
usually low barometric pressures attending these in some 
localities and the slow rate of movement eastward; the 
continued cool and wet weather over most northern dis- 
tricts; the great deficiency in precipitation over much of 
Florida and some other portions of the Southeast and in 
portions of the Great Plains from western Kansas south- 
ward, where the wheat crop was -preatly injured; the 
persistent high winds in portions of Texas and some other 
southern localities; the excessive cloudiness over the Ohio 
and upper Mississippi Valleys, including near-by areas; 
and the unusually large number of local wind and hai 


storms over the southern Plains and thence northeast to 
the Great Lakes. 


The month opened with general low-pressure over the 
Rocky Mountain and southwestern districts, which 
moved into the Great Plains and Mississippi Valley 
during the following two or three days, but without im- 
portant precipitation. By the 6th low-pressure had 
again entered the Southwest and on the morning of the 
7th it had developed considerable strength, though with- 
out important movement, and rain or snow re set in 
over the districts to the northward. During the follow- 
ing 24 hours the storm moved to eastern Colorado with 
& marked increase in strength, the sea-level barometric 
Pressure falling below 29 inches at the center and was 


attended by heavy snow to the northward. During the 
next 24 hours the storm moved slowly northeastward 
with undiminished intensity, heavy snow falling in the 
mountain districts, particularly in Wyoming, where 
during the 8th and 9th near-blizzard conditions prevailed, 
high winds and drifting snow causing the death of a 
number of persons and considerable , to livestock, 
particularly lambs. From the 9th to 10th this storm 
moved with increased rapidity, but diminished intensity, 
to the upper Lakes and thence to the St. Lawrence 
Valley. Heavy snows occurred in connection with this 
storm over the middle and-northern Rocky Mountains 
and near-by areas, and rainfall was widespread from the 
central and northern Plains eastward. 

Considerable rain occurred in the central valleys and 
northeastern districts from the 13th to 17th as a moderate 
cyclone moved slowly eastward from North Dakota to 

ew England, and some heavy rains occurred in eastern 
Texas and near-by areas on the 13th. 

About the 17th to 19th slight cyclonic conditions over- 
spread the central valleys and scattered rains fell in those 
areas and somewhat to the eastward, but no important 
storm development occurred. 

By the 20th a well-defined storm had formed in western 

Colorado and during the following few days moved 
slowly eastward, reaching the middle Missouri Valley by 
the morning of the 23d, but without much precipitation 
save over districts to northward of the general center of 
the storm. During the following 24 hours low baro- 
metric centers had developed both north and south of the 
main storm center, which had rapidly dissipated, and b 
the following morning these had largely disappeared; 
but precipitation had covered most of the Mississippi 
and Ohio Valleys and near-by areas and during the 
following two days extended into and over most eastern 
districts. 
~ During the latter part of the month storm conditions 
prevailed over the central Rocky Mountain and near-by 
areas and more or less precipitation occurred in those 
districts and to the northward, and on the 27th and 28th 
some heavy rains fell in the upper Mississippi and lower 
Ohio Valleys, and rain continued more or less general 
over the Northwest. The last few days had scattered 
precipitation in many portions of the country from the 
northern Rocky Mountains eastward and southeastward, 
but the rain areas were mainly small and the total falls 
light as a rule. 
The méan sea-level pressure was highest, 30.10 to 30.15 
inches, over the far Northwest, and it was above 30 
inches over Florida and near-by areas. In these districts 
the averages were mainly above normal, but elsewhere 
they were less than normal and rather low on the whole 
over the interior and northeastern districts. Small 
insets on Charts I and II show the departures of the 
mean sea-level pressures from the normal for the month 
and the changes in pressure from April to May. 

The month had a notably large number of severe local 
storms, nearly 50 having the characteristic features 
attending tornadoes, a number of which were distinctly 
severe. A total of nearly 250 lives were lost, almost 
2,000 persons were injured, and property loss was esti- 
mated at more than $10,000,000. ailstorms also were 
frequent, and in several instances severe loss was sus- 
tained. Full statements as to the details of several of the 
more severe tornadoes appear elsewhere as separate items 
in this issue, and the complete list of all storms, with the 
usual items, appears in the table at the end of this section. 
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TEMPERATURE 


May was without important short-time variations in 
temperature, and while a cold month in many sections 
yet no important damage by frost occurred in the great 
agricultural regions, though in some of the important 
fruit districts of the far Northwest and in the central 
Rocky Mountain sections the temperatures were suffi- 
ciently low at times to justify taking the usual protective 
measures to prevent injury. 

The first 10 days were mainly warmer than normal 
from the southern Plains eastward to the Atlantic coast 
and northeastward to the Great Lakes and Middle 
Atlantic States, but that period was mainly cooler than 
normal over the Northeastern States and from the upper 
Mississippi Valley westward and southwestward to the 
Pacific coast. ; 

The week ending May 17 was distinctly cool, on the 
whole, from the Great Plains eastward, but correspond- 
ingly warm over the remainder of the country. 

he week ending May 24 was mainly warm over all 
arts of the country from the middle and southern 
ocky Mountains eastward to the Atlantic coast, but 
distinctly cool over the Northwest and moderately cool 
over New England and the far Southwest. The last 
week of May continued warm over the Southern States 
from eastern New Mexico to the Atlantic coast, but it 
continued cool in all the far West and over the northern 
half of the country to the eastward. 

The month as a whole averaged warmer than normal 
over all districts from southern and central California 
eastward to the Atlantic coast and it was colder than 
normal over the remaining districts. In portions of the 
South, particularly in Texas, it was the warmest May of 
record and some areas had temperatures above normal 
on nearly all days. In the northern districts, however, 
there were few days with temperatures above normal. 
In these districts, however, the low means were mainly 
due to cloudy weather. The means of the night tem- 
peratures were generally near the normal, but the day 
temperatures nearly everywhere averaged several degrees 
lower than the normal. Over much of Texas and locally 
in other portions of the South it was the warmest or 
nearly the warmest May of record. 

The warmest periods of the month were on the Ist 
and 2d in the Dakotas, on the 7th in Texas, on the 9th 
and 10th from Ohio and West Virginia eastward to the 
coast, about the 14th to 17th from the Rocky Mountains 
westward and in the middle Plains, from the 20th to 22d 
from Tennessee northward to Canada, on the 24th in 
Virginia and North Carolina, and near the end of the 
month in the Gulf States. The highest temperature 
reported was 118° in southern California, but Texas had 
a maximum of 115° and Arizona 114°. Over most of 
the Central and Eastern States the temperature did not 
reach 100° on any day of the month. 

The coolest periods were on the Ist and 2d from Illinois 
eastward to the Atlantic coast and over the Northeastern 
and far Northwestern States, about the 8th to 10th in the 
Great Plains, the 11th and 12th in the Lake region, on the 
16th and 17th in most Gulf and South Atlantic States, 
and on the 29th in California, Oregon, and Nevada. 

bbe: gabe th as low as freezing occurred over most 
Central and Northern States and at the high elevations 
of the West. The lowest reported was 1° in Wyoming. 


PRECIPITATION 


Rains continued frequent and occasionally heavy, as 
was the case during the two preceding months, over 
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much of the Mississippi Valley region, and the total 
amounts for the month were above normal in all the 
States immediately west of the Mississippi River, in gl] 
those of the Ohio Valley, Great Lakes region and thence 
northeast to New England, and from the Dakotas west. 
ward to Oregon and Washington. In the Atlantic Coast 
States from New Jersey southward to Florida, over the 
Gulf States, except Louisiana and Arkansas, and from 
Nebraska south to Texas and thence west to the Pacific 
Coast the monthly precipitation was less than usually 
comes in May. 

Precipitation was of almost daily occurrence in portions 
of the upper Missouri Valley, particularly in Montana, 
where the monthly totals were mainly the greatest for 
May and in some instances the greatest received in any 
month of record. On the other hand, in Florida the 
amounts were generally less than ever previously recorded 
in May, and as April had also been dry in many parts of 
the State the combined amounts for the two months at 
many points were less than in any other two-month 
period of record. The month was likewise very dry over 
the western portions of the Great Plains from western 
Kansas southward, including much of Texas, where the 
rainfall was the least of record for May, and much damage 
resulted to the wheat crop in that area. 


SNOWFALL 


Light snow was reported from a few points in New 
England and some occurred at the higher elevations of 
the Appalachian Mountains. Elsewhere east of the 
Great P ains there was little snowfall, except in the Lake 
Superior region and thence westward to North Dakota, 
where traces were reported quite generally. 

In the Rocky Mountain region from northern New 
Mexico to Montana, including the western parts of the 
Dakotas and Nebraska, important amounts of snow 
occurred on several dates, but: principally from the 
7th to 9th, when heavy falls occurred at many points, 
particularly from Colorado northward. This period of 
snowfall was attended locally by high winds, much 
drifting, and general wintry conditions. 

Considerable snow fell over much of the same area from 
the 18th to 22d and again near the end of the month. 
Total falls of nearly 5 feet occurred at some high eleva- 
tions in Colorado, and similar falls occurred locally in 
Wyoming and Montana, while depths of from 1 to 2 feet 
occurred in the extreme western portions of the Dakotas. 
In the other Mountain States of the West snowfall was 
mainly light, but the prospects continued favorable for 
an ample supply of water for the coming summer 1 
most districts. 

RELATIVE HUMIDITY 


The percentages of relative: humidity were nearly 
everywhere greater than normal in northern districts 


east of the Continental Divide, notably in the Missoum. 
and upper Mississippi Valleys, Davenport, Iowa, report- 


ing the highest average relative humidity ever noted in 
May. The central valleys and some Gulf districts had 
averages somewhat greater than normal, also parts of 
Idaho, Oregon, and adjacent areas. 

Deficiencies were noted in most southern districts, 
especially in southern California, the southern Rocky 
Mountain and Plains regions, the southern Appalachians 
and the South Atlantic States; while Los Angeles, Calif, 
and Roswell, N. Mex., had the lowest May averages ol 
local record. Some parts of Washington, the interior 
portions of the east Gulf States, and most coast districts 
of the Middle Atlantic and southern New England 
States had slight deficiencies. 
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[The table herewith contains such data as have been received concerning severe } 
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Report of the Chief of B 


ocal storms that ee the month. A more complete statement will appear in the Annual 
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Width | Loss| Value of 
Character of 
Date Time of path, f 
Williams County, N. Dak--- $5,000 | Thunderstorm | Much damage to telephone and telegraph lines | Official, ‘eather 
and wind. Springbrook and Tioga; Bureau, 
Fair Haven, Minn. (14 mile 100, 000 | Tornado-.......... confined mostly to buildings and Do. 
persons injured. 
Sallisaw, Okla.---.----..---- 3} 9:45a.m-_.} 3,520 400,000 | Hail.............. Severe joe and property damage over path 25 Do. 
Okeene Okla. (6 miles south- 4 | 3:30a. m_- 2, 640 2, 000 do.............| Damage Do, 
Mexia to Wortham, Tex... 4 | 910....... 1, 760 80, 000 Hail, wind, and Extensi re damage to oil derricks, crops, and Do. 
-- A 75,000 | Electrical........- Warehouse ‘containing 1,500 bales of cotton de- Do. 
Woodward County, Okla-.-- 5 a. 5-10 mi. Crope damaged Do. 
Alfalfa County, Okla_.....--- 5 - = oe 7 mi. 700,000 | Heavy hail_....... Severe crop and property ome: path 40 miles long. Do, 
Woods County, Okla. (north- 5 3454 a 8 mi. Hail Considerable damage reported..............-.-- Do, 
Nash, Okla., and vicinity -... 5|4a.m....- 9 mi. 300, Heavy hail........| Very severe crop damage over path 40 miles lon Do, 
Garfield County, 5 | 4:30 a, § losses heavy; other minor damage; path Do. 
miles long 
County, Okla. (north- 5 | 6 mi. 760, 000 |..... property extensively; path Do 
Christian County, Ky--.-.-.- W Several barns and much timber destroyed..._... Do. 
ee Ind., ond vici- 5 Prundgeatanas Trees, electric wires, and farm property da- Do, 
and win maged; get killed. 
Nashville, Tenn-- 5 do... Lightning light and car Do. 
service; poles and trees blown down. 
Marion and Wichita, Kans... 6 | 2a. Heavy hail........ chiefly to crops and windows over Do, 
les long. 
= County, Miss. (cen- 6| A.m 25,000 | Violent wind.....-. Considerable property damage.................. Da 
Birmingham, Ala............ 5, 000 Tornadic nd Two greenhouses wrecked; 3 buildings damaged... Do 
Munday, Tex..........-..... 6-7:30p.m.} 11 mi. 95,000 | Hail. ............. and gardens damaged; poultry Do 
illed or inju 
5p. m.....| small torna- sparsely settled; no buildings Do, 
Comanche (southeastern) 7 | 6-11:45 p. |880-3, 520 10 |1, 300, 000 Tornado.....-.-.. Hundreds of homes and a number of commercial Do. 
Barber, Kingman, an m. houses demolished or damaged; overhead 
McPherson Counties, wines mass; 300 persons injured; 
ans. pa ies long. 
Kansas City, y Thunderstorm ....| Street traffic demoralized; pave- Do, 
Wyoming (eastern) and 7 | 950,000 | Snow and blizzard Telephone and telegraph companies suffer A Do, 
Noth Dakota (southwest- crippled; much loss of 
v 
Lincoln County, Nebr-...--- 8 | 6-6:30a.m 100 |.----- 50,000 | Tornado.....-..... Buildings on eight farms more or less damaged Do, 
or red ond broken off; sev- 
= er rsons injured les iong. 
Nebr. 8 | 7a. m....- 10,000 | Wind........-.... and dings wrecked; path 35 Do, 
wes es long. 
and Valley 8 | 2p. m..... 3 mi. Hail leaves stripped from Do, 
les, Nebr. rees; 
Coleman, Fla. (south of)_...- 8 | 4:30 p. m.- 1,760 |...... 1,000 | Heavy hail_....... crops about 50 per Do, 
Boone, 8 | 5-9 p. 77, 500 | Hail and wind....| Crops and buildings damaged; poultry killed Do, 
Cam en to Audrian County, 8 | 8-10 p.m_-_| 200-400 10 | 297,000 | Tornado........-. A number of homes and barns demolished or Do. 
Mo. damaged; livestock killed; trees twisted; fruit 
destroyed; 51 persons injured; path 110 miles 
ong. 
Sedgwick Coun- 8-9 | 3-6 p. m...|..-. High winds......- windmills damaged; poultry and Do. 
» Colo. olia: ured. 
Sheridan County, Mont...... site 3 Snow and blizzard.| Wire service crippled............. ------------ Do, 
Vaunakee, 9 | 12:05 a. m. 10 ....| Severe squall...... House moved Do. 
8t. Louis, Mo., vicinity... | 1:40 2:10 |........-. 1| 100,000 Industrial plant damaged; houses unroofed------ 
a.m. 
Nevada to Tigertown, Tex... 9 | 2:30 - 3:30 | 300-600 | 239 |? 1,000,000; Tornado. ........-. Man ruined; down; Do, 
a.m, miles long; persons inju 
9|3am Man = persons, in, ured much destruction of Do, 
roperty; part o 
vicinity...... 9 | 6-7 a.m... 440 1,000 Hail ah, Don and damaged Do. 
Bismarck, N, Dak. (near).-.- Wind and rain....| Windows and trees damaged; and Do. 
felearaph service interrupted; heavy damage 
Madison, Ind. (near)......-.- 9| A.m 120, 000 Character if damage not Do. 
Harpe, ll. (6 miles west 9] 1p.m....-. 30 A few fences wrecked; poultry Do. 
; path 3 miles long. 
Fulton County (southeast) 9| 2p.m..... 400 1| 40,000 |...-. RNG HEE A namabee of farm homes and barns wrecked; 12 Do. 
pol Schuyler County persons injured; path 12 miles. 
Randolph County Ark. 9 | 2:15-3:20 440-880 | 92 000 Great d 60 miles long; Do. 
to Poplar m. section oplar luff almost wiped cut; 340 
Shreveport. La. (near). 9 | 2:20-2:30 100 : 000 do. PR ay ant ~ demolished; parts of other buildin Do, 
‘ damaged; timber blown down; path 1 mile 
ong. 
Scott to Lonoke, 9 | 2:30-3. 2, 500 of not reported; path 12 miles Do. 
: m. g; 7 persons 
Carlisle to Birdeye, Ark......| 9 | 2:30-4 p 400} 8} 60,000 do gan over path 70 miles long; 69 Do. 
m,. 
Mi.” signifies miles instead of 


"Includes 
1 Ben eaths, amount of demi and number injured in tornado at Garland, Tex. 


note preceding. 
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Severe local storms, May, 1927—Continued 
| Width | Loss| Value of ™ 
ue 
Character of 
Place Date Time of path, | of perty Remarks Authority 
yards | life eotreged storm 
Hoxie to Walnut Ridge, Ark 9 ae p. 50 10 | $300,000 | Tornado. .-_....... Storm way naan over short path; 200 | Official, U. S. Weather By. 
Tsons reau. 
Racine and Kenosha Coun- 3-4 p. m...| 20 mi. |...... 16, 000 | Severe squall..___- any barns demolished; roofs blown off; plate- Do. 
ties, Wis broken; ‘overhead- wire systems 
ama 
Kingsland to Randall, Ark... 9 | 3:05-3:27 p. 50 9 30, 500 | Tornado.........- Property a over path 20 miles long; 24 Do. 
m. persons hurt. 
9 | 3:15 100; 10 5,000 |_.... Considerable property damage; 8 persons hurt__ Do. 
Kingston, Ark O% Character of damage not reported Do. 
Norphiet, Ark 9 | 3:30 p. m.. 130 1} 150,000 or wrecked; crops Do. 
injure persons 
Scott and Clinton Counties, 9 | 4:05 p. m..|500-1, 760 22,000 Damage principally to buildings and trees.....-- Official, U. 8. Weather By 
Iowa. Moline Dis. 
Morrisonville (5 miles east of) 9 | 4:25 p.m..| 100-880 1 |1, 125, 000 |... EES Public utilities sustain severe losses; heavy dam- oficial, U. 8. Weather Bu 
to Decatur (near), Til. age to farm homes; commercial buildings and 
= path 45 miles long; 116 persons in- 
ured. 
Owaneco, Ill. (1 mile north 9 | 4:25 p. m- 200 20, 000 |....- BM crinnsvinicishealaate = ief damage to farm property over path 5 miles Do. 
ong. 
9} 4.25 p. m_- 300 24} 500,000 section of town devastated; 72 persons Do. 
jurt. ‘ 
Clarence, La. (near).....----- 9 | 4:30 p. m_- 150 1 do. ep houses and considerable timber blown Do. 
own. 
Carterville, Il. (1 milesouth- 9} 5p.m....- 100-880 |...... 343, 000 |..... Di nnincaedbiind Many buildings and a number of houses Do. 
west of) wrecked oe damaged; path 16 miles long; 21 
persons in. 
Calvin, La. (near)........-..- 9 | 6:30 p. m-.. 800 5, 200 be je preceded | Damage chintly 1 to timber; path 8 miles long. Do. 
y hail. 
Massac County, Ill. (west- 9 | 6:30 p.m_.| 440-880 5 | 56,000 Farm property, orchards, and crops damaged; Do. 
ern). 11 persons injured; path 15 miles long 
Chicago, and vicinity_... 9/P.m Thunderstorm | Trees uprooted; light blown down; over- Do. 
and wind head signs and windows broken; basements 
flooded; traffic impeded in some sections. 
Eden, Ml. (near) 10, 000 | Small tornado-._.- One he house unroofed; other minor damage; path Do. 
short. 
De Kalb, De Witt, Fulton, 9; P.m 1 | 638,000 | High winds.-..... Many commercial buildings and residences dam- Do. 
Grundy, Kane, Lake, Mc- aged; small houses wrecked; telephone, tele- 
Henry, and MadisonCoun- graph, and light poles prostrated; cottages at 
ties, Ill. summer resorts demolished; 7 persons hurt, 
Beckett Mountain, Ark. 1,000 | Small tornado_..-.| Minor damage. Do. 
(Faulkner 
Fredonia, .-| Tornadic wind, | Soil washed; trees felled Green Bay Press Gazette 
wurst. 
50,000 | Residences and buildings wrecked; trees | Journal (Sioux City, Iowa). 
torn or uproot 
Kankakee Valley, Ind_.....--. © ten sinniusotel 100,000 | Thunderstorm | Extensive damage to farms, telephone, and tele- | Official, U. S. Weather Bu- 
with  tornadic graph service. reau. 
characteristics. 
Michigan (western) .....-..-- Public utilities crippled; chicken industry hurt; Do. 
| wind, and tornado near Grand Rapids, where a 
small torneée. al and auto were wrecked and livestock 
Pauls Spur to Pierce’s Mill, Tornado. ......--- No damage reported... Do. 
r } 
Trezevant and Ripley, Tenn. 6,000 | Wind. ............ Trees uprooted; small buildings unroofed...----- Do. 
and Cayuga Counties, 10 | 11308. 2-6 mi. Wind and hail-...| Windows broken, roofs pierced; chimneys, over- Do. 
» head wires, and small buildings damaged. 
Livingston Manor, N. Y 10 3330 Beavy hefl........ Windows and roofs badly damaged Do. 
County, Md. 10 SOD. 50, 000 Wind ---| Crops, fruits, and gardens Do. 
central 
County, Md. (south- 3, 000 wind. Crops injured; poultry killed barn unroofed----- Do. 
ern). 
Berkeley County, W.Va.....| 10 Wind and hail. ..-| Roofs and shade trees Do. 
Columbia, 8. C. (near)......- it Series of Crops in path practically dest ce Do. 
$s 
Fort Davis, Tex.............. 12: | 2p. m..... 3 mi. and apple orchards injured; path — miles Do. 
ng. 
Scotland, Robeson, and Pitt }...... 100,000 | Heavy hail_......- Cotton, tobacco, and corn on some Do. 
Counties, N.C. farms crops will require replanting. 
and Pulaski Coun- 13 | 12:30-2:330 | 3-8 mi. §,000 | Do. 
ties, p. m. 
Embarrass and Belle Plains, 13 | 2p. m....- Heavy hail........ No neported Do. 
1s 
Keokuk County, Iowa 13 | 2p. m..... 3,000 | Path miles long; character of damage not re- Do. 
Pike County, Ind. (eastern). BB 13,000 | Tornadic Farm properties damaged Do. 
D. C. (north- 14 6p. m-_-.. Small tornado..... Slight damage over Do. 
east part of). 
Portland, Oreg., and vicinity_| 15-17 |. Several buildings wrecked, others damaged; Do. 
many trees and windows broken. 
to Sherman County, 17 Hail and rain...... Young crops and fruit trees injured..............- Do. 
ont. 30 p. m 
Roy, N. Mex. (near)_.......- 17 | 4:20 p. m.- Farm property damaged; chickens carried away Do. 
and some stock killed; path 5 miles long. 
Butler, Cherokee, Franklin 17 8:40-11 43,500 Hail Crops beaten; buildings Do, 
Grundy, Monroe, and | p.m. 
Tana Counties, Iowa. } 
Rosebud County, Mont.-.... Do. 
Davenport, 18 | A. Do. 
Peoria, Ill., and vicinity... 18 | 1:30- 10 mi. Do. 
2:05 p. crops. 
Buchanan County, Iowa_.--- 18 40 18,000 |..... Character of damage not Do. 
Barrow, Ill. (mear)........... 18 . m.. 40 200 | Tornado. ......... Minor property damage over short path..._.____ Do. 
Terre Haute (near) to In- 18 7:45 . m.. 2 3, 077,000 | Tornadic wind....| Many homes da d, some totally wrecked; Do. 
dianapolis, Ind. public utilities suffer heavy loasess hundreds 
of autos wrecked: 100 persons injured, 6 seri- 
j \ greatest damage in Indianapolis, 
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Severe local storms, May, 1927—-Continued 
Width | Loss | Value of 
of 
Place Date | Time | of path,| of | property| Character Remarks Authorit 
yards | life destroyed storm ai 

Randall County, Mo. 18 | 8-9p.m...} 67-333 $7,000 | Tornado. .........| Two dwellings blown from foundations, 3 barns | Official, U. S. Weather 
Renick to vansville badly damaged; path 10 miles long. Bureau. 

18 | 11:15 30 10,000 | Tornadic wind_...| Twelve or more houses damaged; several Do. 

wrecked; trees broken; 3 persons injured. 

Ayers, Canton, and Rantoul, 18 ba a: Wind... <esiigen Numerous buildings damaged; trees and poles Do. 
Tl. blown down; 15 persons hurt. 

TO. nals 3, 520 5,000 | Hail Character of damage not Do. 

Winnsboro, La.....--.------- 19-20 Wind Considerable timber blown Do. 

Vernon County, Wis. (north- | 2:45 p. m_. 5 mi. 7,500 | Severe squall and | A barn, 2 boathouses, 4 silos, and 2 tobacco sheds Do. 

boygan, p. squall.._... y at Brotz airport. ........._. 
pert Fayette, and Green 20 |... i 3,500 | Wind and hail....| Fruit and other crops damaged................_. Do. 
Counties, lowa. 

Harrison County, Iowa...... 21 | 1:30. m. Buildings damaged; livestock killed or injured...|_ Do. 

Clayton, Wis. (near).....---- 21 | 5:30a. m_. 1, 760 3,000 | Severe squall...... to buildings, crops not far ad- Do. 

vanced. 

Ballston Lake, N. Y--------- 22) 5p.m.....| 4mi. Heavy hail........ Truck crops and fruit hurt. Do. 

Bl. 23 | 11 a. Thunderstorm | Small buildings unroofed; plate-glass windows Do. 

and win broken; trees and wires down. 

Balmorhea, 23 | 2:30p.m-..| 5 mi, Hail 30 per cent; alfalfa Do. 

njured; miles long. 

Williamsburg, Iowa (near)... 23 | 6 p. m..... 440 2 Tornado. ........ y over path 6 miles Do. 

Hannibal, 23 | P.m... Thunderstorm Trees broken; many local and long-distance Do. 

wind. telephones out of use. 

ite Counties, Ind. 

Illinois (northern) .......-.--. 10, 000 |....- Minor damage to trees, poles, roofs, Do. 

Roosevelt, Okla. (4 miles 23 . 3 mi. M600 | Beil..,..........:. Damage to crops and property about equal; Do. 
southwest of). path 7 miles _—. 

and | 23-24 50 mi. Violent winds. small buildings wrecked; wire sys- Do. 
eosho , Kans. amaged. 

Concordia, Kans. (mear)....-. 24) 1, 760 40,000 | Heavy hail........ ams, and alfalfa beaten to ground; path Do. 

miles long. 

200, 000 | Tornado.-........| Much destruction over path 2 blocks wide Do, 

} through business section; considerable damage 
to residences and trees; 2 persons hurt. 
Qaincy; 24) 56p.m_..! 3,520 15,000 | Thunderstorm. Damage, chiefly to growing crops; many fields Do. 
was: out. 

ounties, ind. 

yes eed Geneva, IIL, -do Trees and buildings damaged; 1 person injured. Do, 
al vicinity. 

County, Wis. (south- 24 Severe squall___... Farm property damaged Do. 
east). 

Delaware County, Iowa.....- 25 | 3p. m-_.._- 1 Wind and hail_...| Buildings damaged.......... Do. 

Doran, Ill. (near) -.......-.-. 25 | 3:45 p.m._| 440-880 |_..._. 50, 000 | Tornado--........ Buildings wrecked; orchards injured; livestock Do. 

‘ Lm i 80 telephone poles down; path 10 miles 
ong. 

Somerset to Worcester 4-5p.m...| 8 mi. .-| Buildings at fair grounds and on some farms Do. 
County, Md. damaged; shade and fruit trees blown down; 

other property damage at seashore. 

Palestine, Ill. (near).......... 25 | 5p. m..-.. 440 20,000 | Tornado.......... Property — over path 13 miles long; 2 Do. 

rsons injured. 

Knox County (northeast) to | 25 200,000 | Wind and hail... 3,000 acres of wheat Do. 
west), Ind. 

Moultrie County, Il......... 25 3,000 | Wind. ..........-. Buildings damaged.................------------- Do. 

25 |. 6| 15,000 | Severe squall... ___| | Roof at ball partly blown off; many trees Do. 

and poles blown down; 37 persons injured. 

25 .--| Heavy hail.......- Truck gardens and crops Do. 
(northern), Md. 

er and Raleigh, Fla..... 26} 2-3p.m...| 3,520 10,000 |.....do........... .-| Poultry and small animals killed or injured; Do. 
: tomatoes, corn, and melons ruined. 

Philadelphia, Pa___.......... 26 | 2-3 p.m Thunder squall...| Cireus tent collapsed, injuring 3 persons; con- Do. 

siderable minor damage to insecure structures. 

io County, Nebr. (north-- | 6 p. m....... 7,000 | Hail and wind...-} Character of damage not reported Do. 

{porthwest) and 20, 000 Windmills and a few farm buildings wrecked....|_ 

Counties, 
ebr. 
— County, Nebr. (north- 26 | 10:30 p. m- 880 |..-.-. 2,000 | Straight wind..... One be , bere and several smal! outbuildings Do. 
emolished. 

Harrison County, Iowa-..... 26 | 11 p.m ,000 | Hail and wind_._.| Character of damage not reported.........-.-.-- Do. 

W 26 10-25 mi. 000 | Hail poots and windows damaged over path Do. 
ong. 
miles Va. (6 26 Some damage to truck Do. 

Trenton, 26 ..--| Violent gust....... Office building Do. 
incoln, Nebr., and vicinity..| 26-27 |.......-----|-.---.--.|--s.-- 60, vere thunder- | Much damage to trees and buildings in city; Do. 

Hami light and telephone lines down. 
een York, Seward, 27 | Midnight | 40 mi. 65,000 | Hail..........--.-- 3,600 square miles’ damage light to heavy at Do. 
Count wae Saunders to 1:30 various points; path 90 miles long. 

Auburn, Crop loss about 10 per cent.......----- Do. 
arren County, lowa_...-.-- 277 of not reported. Do. 

County, Nebr. (cen- 27 | 4:30 p. m Gardens injured over path 6 miles long--. Do. 

Randolph County, Mo.| 27| 5p.m....- 5 Many dwellings and barns destroyed along path 
Roanoke to near 10 miles long; some livestock killed. 

Chico, Cali a7 | 7-7:30 

~7:30 p. m 880 ..--.| Crops, especially vegetables, damaged-........... Do. 
ra ycounty, Nebr. 27 | 8-8:30p.m.| 3, 520 5,000 | Hail and wind....| Some farm buil wrecked; crops injured_... Do. 
888, Madison Pocahontas, 27 32,000 | Wind Damage chiefly to buildings; storms usually oc- Do. 
and Shelby curred in the morning. 

Dubois County, Ind. (south- 27 Be iniwsncdtamres | Storm very destructive to crops....---..-------- Evansville Courier (Ind.), 

ern), 
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Severe local storms, May, 1927—-Continued 
Width | Loss| Value of Character of 
Place Date Time of path, | of perty Remarks Authority 
. y | life destroyed storm 
Grayson County, Ky----..-- OF $100,000 | Hail and wind....| Barns and timber U. 8. Weather 
urea 
Tybee Island, 1,000 | Wind. Some property Do. 
Christian, Sangamon, Madi- 23} P.m.....2 : 776,000 | Hail and electri- | Damage principally to property other than Do. 
son, cal. crops. 
omery Counties, Il. 
Jonesboro, Ark.............-- 1,500 | Heavy hail.......-. in greenhouses broken; also other minor Do. 
jamage. 
St. Louis, Mo., and vicinity_- damage chiefly to greenhouses and Do. 
ndows. 
Charleston, 8. C., and vi- Severe squall..._.. Considerable damage to trees in city; a few small Do, 
cinity. buildings moved from foundations. 
Stillwarter County, Mont. Hail .-| Heavy damage to winter wheat and alfalfa... Do. 
(eastern). 
Munday, Tex... 30 | 6p.m 280, 000 |_.... Extensive damage to crops, buildings, and fruit Do. 
and shade trees. 
Elizabethton, 20 |.. Heavy hail.......- Crops severely beaten; other property Do. 
Fulton County, 1 50, 000 and wind....| C 50 per cent; poultry ; other Do. 
property Gamage. 
= Mo. (northwest 30} P. m...... 880 |...-.. 2,500 | Hail Orchards and gardens injured...............-..- Do. 
Ridge Springs, 8. C. (near)...|. 31 | 6p. m....- 1, 760 |...--- 2, 500 Dwellings and crops damaged; poultry injured. - Do 
Red Calif. (14 miles 100,000 | Heavy hail.....--- Orchards and grains Do. 
soutn of). 
Waverly, Tenn. -............ 20,000 | Hail and wind....| Crops and other property Do. 


forecast district. 


STORMS AND WEATHER WARNINGS 


WASHINGTON FORECAST DISTRICT 


May was an unusually quiet month in the Washington 
No storm warnings were issued, and 


the month was also remarkably free from frosts. Small 
craft warnings were ordered displayed on only two dates. 
These warnings were for the Atlantic coast from Cape 
a northward and were issued on the 10th and 
27th. 


Warnings of frost, mostly light, were issued for limited 


areas in the Northeastern States on seven days during 
the month. With the exception of killing fost at North- 
field, Vt., on the 8th, and heavy frost at the same place 
on the 9th, and at Seranton, Pa., and Binghamton, 
N. Y., on the 29th, all frosts reported during the month 
were light; and no frost was reported south of Pennsyl- 


vania, Ohio, and West Virginia. 
occurred in the cranberry 


Only one heavy frost 
gs of New Jersey. —C. L. 


Mitchell. 


CHICAGO FORECAST DISTRICT 


The month, as a whole, in the Chicago forecast district 


was cool and wet, with the exception of the middle Great 
Plains, where it was rather dry and comparatively warm. 
The rainfall was excessive in the Ohio Valley, and the 


amount was unusual even in the northern plains. 


The 


storm areas appeared to move across the district with 
relatively slow movement, and with their centers well to 
the south, thus producing more than the ordinary rainfall. 


month and remaine 


a 
a 


The principal storms were as follows: 

One which developed in the far West early in the 
nearly stationary for a few days 
nd finally advanced across the district on the 8th, 9th, 


nd 10th, accompanied by general rains and thunder- 


storms and strong shifting winds and squalls, and followed 

by a considerable fall in temperature, with frosts in the 

Plains States to the southern limit of Kansas on the 

11th, and in the upper Mississippi Valley and western 

Lake region on the 12th. Warnings were Somered on 
an 


the Great Lakes in advance of this storm, 
for frosts in the area following. 


warnings 
Another storm developed in the far West on the 16th 


and 17th and remained practically stationary for several 


days, and finally passed across the district on the 22d- 
26th. Although this disturbance was of marked inten- 
sity in its original development, it lost considerable force 
as it passed eastward, and in consequence only small 
craft warnings were displayed on the Great Lakes. 

Still another storm appeared immediately in the far 
West, and the movement eastward of this also was very 
slow, the passage across the district not being completed 
until the closing days of the month; but the precipitation 
attending this storm was more or less spotted and the 
attendant winds of not much importance. Cool weather, 
however, immediately followed, and frosts occurred in 
the upper Mississippi Valley and western Lake region, 
warnings for which were issued on May 31. 


There were other storms, of course, of lesser importance, — 


regarding which nothing need especially be said. 

pecial service was given to a number of interests dur- 
ing the month in the shape of detailed predictions, but 
the most important by far were flying forecasts for certain 
routes, including one for Capt. Charles A. Lindbergh, 
for his flight from St. Louis to New York on May 12; 
for Commander F. de Pinedo, flying from New Orleans 
to Memphis on May 14, Memphis to Chicago on May 15, 
and Chicago to Montreal on May 17; for the First 
Pursuit Group, Army Air Corps, from Selfridge Field to 
Kelly Field on May 2 to 8, inclusive, and return May 21 
to 23, inclusive; and special forecasts on May 30 and 31 
for zones 4 and 8 for the national elimination balloon 
race. 

Special forecasts for frost warnings for the cranberry 
marshes of Wisconsin were issued from time to time, 
beginning May 4. These were for the most part fully 
verified.—H. Cox. 


NEW ORLEANS FORECAST DISTRICT 


Storm warnings were displayed on the Texas coast, 
May 7 and 12, and on the eastern part of that coast on 
the 2ist, and subsequent conditions justified these 
warnings except that verifying velocities did not occur 
following the warning of the 21st. Small craft warnings 
were displayed on different parts of the west Gulf coast 
on the 8th, 9th, 10th, 11th, 12th, 20th, and 2ist, and 
ssheeguent winds showed that the warnings were W' 
placed.—J. M. Cline. 
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DENVER FORECAST DISTRICT 


The month was cold and stormy in Montana, northern 
Wyoming, and northern Utah. Temperatures above 
normal, with a deficiency in precipitation, prevailed in 
southeastern Wyoming, Colorado, southern Utah, Ari- 
zona, and New Mexico. 

In addition to the usual Lows from the North Pacific 
a number of disturbances advanced eastward from the 
southern Rocky Mountain and Plateau regions, several of 
which attained unusual intensity. The first of these 
advanced to eastern Colorado on the evening of the 7th. 
At8 a. m. of the 8th the barometer at Pueblo had fallen 
to 28.92 inches (sea level), with precipitation in nearl 
all portions of the district. Heavy rain or snow fe 
during the day in central and eastern Colorado, eastern 
Wyoming, and eastern Montana, and gales were experi- 
enced from New Mexico northward to Wyoming during 
the slow northeastward movement of the storm. This 
disturbance was followed by freezing temperatures in 
Montana, Wyoming, northern and western Colorado, 
north-central and northeastern Arizona, and southern 
and eastern Utah. 

Another storm of marked intensity advanced eastward 
across the district from the southern portion of the Rocky 
Mountain region during the period from the 18th to the 
22d. General rain or snow fell in Montana, Wyoming, 
and Utah, with gales in the southeastern portion of the 
district. Freezing temperatures again occurred on the 
southern portion of the Plateau from the 22d to the 25th 
and in western Colorado on the 23d and 24th. 

Rain or snow in the northern portion of the district 
also resulted from the final notable storm of the month 
which moved across the district from the 25th to the 29th. 
Freezing temperatures occurred on the 29th and 30th in 
portions of western Colorado, north-central and north- 
eastern Arizona, and Utah. 

Special wind forecasts, principally in the interest of 
aviation, were issued for Colorado and Wyoming, or por- 
tions of these two States, on the evenings of the Ist, 6th, 
19th, 20th, and 2ist, and on the mornings of the 8th, 
17th, and 20th. These were generally verified. 

Frost or freezing temperature warnings, which received 
general verification, were issued on the 2d, 3d, 8th, 9th, 
10th, 14th, 18th, 20th, 21st, 22d, 23d, 24th, 28th, 29th, 
and 30th for those portions of the district where they 
were needed.—.J. M. Sherrier. 


SAN FRANCISCO FORECAST DISTRICT 


Except for several days of unusual warmth about the 
middle of May, temperatures over the district as a whole 
were below normal for the greater part of the month, and 
humerous warnings of light to moderately heavy frost 
were required for the elevated regions lying to the east- 
ward of the Cascade and Sierra Nevada Mountains. On 
a few of these occasions, early in the month, conditions 
Were extreme enough to require protective measures in 
the orchard sections of eastern Washington and light 
firing was done in the Rogue River Valley of western 

N On one occasion. 

Storm warnings were issued for north coast points on 
Wwo dates, the 1st and 11th, when disturbances of rather 
unusual intensity for so late a month approached from 
the Gulf of Alaska. The first of these passed directly 
, d attended by winds of gale force north of Cape 

inco. The behavior of the second was more charac- 
teristic of the month of May; it halted upon reaching the 
toast, to redevelop later in milder form over the interior 
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of Canada. Strong winds along the Washington coast, 
however, accompanied its approach, and gales were 
undoubtedly experienced at sea-—H. H. Bowne. 


RIVERS AND FLOODS 
By H. C. 


The great Mississippi flood continued during the 
month and, as has been stated before, a complete report 
thereon will be made at a later date. 

Atlantic and east Gulf drainage—The only flood 
reported was a very moderate local one in the upper 
Tombigbee River of Mississippi. It lasted only two 
days, only a few acres of the lowest river bottoms were 
covered, and the damage was negligible. 

Ohio drainage ——The interior rivers of Ohio, Indiana, 
and Kentucky were high during the last decade of the 
month, with a great flood in the extreme upper Kentucky 
River, and another but somewhat less severe one in the 
Wabash River of Indiana. The Kentucky River flood 
was caused by excessive rains during the night of May 
29-30, the amount ranging from 4 to 4.5 inches and proba- 
ably more in some places. At times the rate of fall was 
from 1 to 1.5 inches per hour, with the heaviest fall, 
greatest loss of life, and most destructive flood conditions 
along the North Fork of the Kentucky River. The 
number of persons missing or known to have been 
drowned was 89, and incomplete reports indicated a loss 
and damage total of between $6,000,000 and $7,000,000. 
At Hazard, Ky., alone the losses amounted to $2,000,000, 
of which perhaps 75 per cent were railroad losses. Both 
highway bridges were swept away as the river reached a 
stage of 36.98 feet, 15.98 feet above flood stage, at 11 
a. m. May 30, and the Louisville & Nashville Railroad 
Co. lost 15 bridges, mainly on branch lines in Letcher 
County. The flooded area covered the district from 
Morgan County on the north to Harlan County on the 
south and thence eastward to the State line. As the 
flood began during the night, many homes were sur- 
rounded by water before the inmates became aware of 
the danger, and for many there was no possibility of 
escape. Ten or fifteen thousand people were made 
homeless, and perhaps 20,000 idle through enforced sus- 
pension of business, mostly coal mining, and to the 
reported losses there must also be added a few millions 
on account of loss of wages. The river at Hazard accord- 
ing to old residents was about 1 foot higher than in 1862, 
the highest known water previous to 1927. 

The Wabash River flood was still in progress at the 
end of the month, and report thereon will be made later. 
Prospective losses will be considerable as the delay in 
spring planting may mean the loss of an entire crop in 

e river bottoms. 

The floods in the interior rivers of Ohio were very 


-moderate. Warnings were issued promptly and there 


were no losses of consequence. There were also moderate 
floods in the Ohio River between Evansville, Ind., and 
Shawneetown, IIl., and in the Green River of Kentucky. 
These floods caused no material damage and they sub- 
sided during the first week in June. Their principal 
effect was to further delay farming operations in the 
bottom cornlands. 

A very severe rain and hailstorm during the early 
morning of May 30 in Johnson, Carter, Sullivan, and 
Greene Counties, Tenn., and Lee, Scott, Washington, and 
Smith Counties of southwestern Virginia caused a decided 
rise in the three forks of the Holston River, the drowning 
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of five persons, and much property damage. For a time 
the rains were torrential, and the rapid rise in the waters 
was followed by an equally rapid recession. It was 
impossible to issue warnings for the floods that occurred, 
and the losses amounted to about $75,000, of which about 
$25,000 were in crops. 

Mississippi drainage——Moderate floods during the 
fourth week of May in the Mississippi River between 
Quincy, Ill., and Louisiana, Mo., and in the lower Des 
Moines River of Iowa were well forecast, and actual 
damage was about $14,000 only. There was further 
delay in farming operations and some business inconven- 
ience. 

Missouri drainage. There was a flood in the Missouri 
River beginning on May 10 at Pierre, S. Dak., and end- 
ing at Kansas City, Mo., on May 18. From the mouth 
of the Cheyenne River in South Dakota to Sioux City, 
Towa, the rise was the greatest of record for the month 
of May, and the stages reached were the highest since 
July, 1905. Heavy precipitation for six weeks over 
South Dakota, beginning with March 31, had thoroughly 
saturated the soil, and when on May 5 heavy rains set 
in over the drainage areas of the Cheyenne, Bad, White 
and Niobrara Rivers, all, especially the Cheyenne and 
Bad, were soon in flood. At Fort Pierre, on Bad River, 
the flood was very serious, with losses amounting to 
$174,250. - Total reported losses from Pierre to Sioux 
City, Iowa, were $353,750, of which $197,250 represented 
losses of prospective crops. Value of property saved 
through warnings + tony by the Weather Bureau, $99,000. 
No estimate could be made of losses of fine farmlands 
that were taken up by the changing river channel, a 
phenomenon peculiar to the Missouri River. Probably 
several thousand acres were lost. 

In the Omaha, Nebr., district the flood was more mod- 
erate, and, while there was much inconvenience, reported 
losses were only about $45,000, excluding, however, that 
which will ultimately result from losses of prospective 
crops. Reports indicate that between 40,000 and 50,000 
acres of farmlands were affected, which at a conservative 
estimate of $12 an acre would make the prospective 
losses between $500,000 and $600,000. Money value of 
property saved through the warnings was given as more 
than $250,000. 

In the Kansas City, Mo., district the flood was very 
moderate and the losses were almost entirely prospective. 

Arkansas drainage.—Rains between May 5 and 7 over 
eastern Kansas caused rapid rises in the rivers and a 
few unimportant floods in the Osage and upper Neosho 
Cottonwood, and Ninescah Rivers. Warnings were issued 
as soon as possible, with resulting crop damage amount- 
ing to about $7,000, and minor losses of about $400. 
Property valued at $2,000 was reported as having been 
saved through the warnings. 

West Gulf ted Trinity River of 
Texas was in rather high flood early in May. It was not 
especially dangerous, however, and apparently loss and 
damage were very small. 

The Rio Grande remained above flood stage at San 
Marcial, N. Mex., throughout the month. Thus far 
no damage has been reported. 

Pacific drainage.—The Colorado River was in moderate 
flood at Fruita, Colo., and below Grand Canyon, Ariz., 
for a few days only at Fruita, but quite generally below 
Grand Canyon. ile the floods were not serious, heavy 


May, 1997 


rains with high temperatures could easily make them go 
and special forecasts and warnings for the lower river 
were distributed twice each week, as well as on several 
other occasions when important changes were indicated. 
There were also important rises in the tributary streams 
in the State of Colorado and in the San Juan River of 
New Mexico. Warnings were issued at the proper time 
and no reports of loss or damage were received. 

The annual rise of the Columbia River began during 
the month, but no flood stages had been reached by the 
end of the month except at Vancouver, Wash., and also 
in the Willamette River at Portland, Oreg., where the 
flood stage of 15 feet was passed on May 20. A report 
on this rise will be made at a later date. 


Above Crest 
Flood 
River and station stage 
° From—| To— | Stage | Date 
Atlantic drainage 
Feet Feet 
Susquehanna: Oneonta, N. Y-.---.------- 12 25 25 12.1] May 7 
East Gulf drainage 
Tombigbee: Aberdeen, Miss_.-.......-.-- 33 9 9 34.3 10 
Mississippi drainage 
Ohio: 
45 5 56.4 | Apr. 2 
Tuscarawas: 
Gnadenhutten, 9 20 21 11.3 | May 2 
Coshocton, Ohio. 8 20 21 9.0 
Walhonding, 8 20 20 11.5 
oto: 
ll 19 20 14.6 19 
Chillicothe, Ohio..................-..2 16 22 22 16.1 2 
Kentucky: 
Wabash: 
ll 19 28 20. 2 20 
Torre 16 21 (2) 20.9 30 
Ti 
oe 18 (2) 6.5 19 
White: Decker) isis. 18 24 + 
White, West Fork: 
Andersen, Ind: 12 19 20 15.2 
18 20 20 18. 1 2 
Kawerdaport, 15 20 18.4 | 26and 30 
Holston: Rogersville, Tenn. 14 31 17.2 
Holston, North Fork: Mendota, Va_._..-. 8 31 31 8.0 al 
Mississippi: 
13 20 21 14.1 
25 15.7 6 
21 1 4 1. 
13} 23.6| May ll 
St. Louis, Mo May 
(2) 27.8 | May 
Cape Girardeau, 30} 40. 0 |Apr. 
10 (2) 32.8 May 2 
New Madrid, Mo. 34) () 16| 43.5 Apr. 
Arkansas City, Afi 48 10 60. 5 
Greenville, Miss_.......--...i-...-..- 42 1) 10 54.7 4 
Vicksburg, 45| (0) 58.7 
Donaldsonville, 23 8 (2) 37.1 | A 
New Orleans, 17) 21.0 | Apt 


1 Continued from last month. 
2 Continued at end of month, 
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May, 1927 
Above flood 
stages—dates Crest 
River and station my 
From—; To— | Stage | Date 
Mississippi drainage—Continued 
Iinois: Feet Feet 
orris, 13} @ 1] 14.4] Apr. 30 
r. 
stown, 
Meramec: 
12 25) 17.7| May 25 
Valley Park, Mo 14 1 i. 16. 6 ¥ 
St. Fi 
Francis, 17 2.4] Apr. 18 
Dak ul mul ul dee it 
Chamberlain, 8. 
Blair, Nebr. 16 12 17] 19.2 14 
Omaha, Nebr. 19 14 16] 19.9 15 
12 16 17] 121 16 
Bermenn, 21 10 10 21.3 10 
St. Charles, Mo 25 9 ll} 27.1 10 
Floyd: Merrill, Iowa. 13 
Yancopin, Ark... 48.5 20 
White: 
Georgetown, Ark. 22 8 4 30.3] Apr. 17 
Clarendon, 30 12] 43.3 B 
0. 
Poplar Bluff, Mo 14 7 8| 145 7 
Ark @) A is 
Petit Jean: Danville, Ark 20 11 11] May lL 
21 21} 20.3 21 
Cache: Patterson, Ark 9 Os 
ay 
19 
Yazoo: Yazoo City, Miss...........------- 25 0 ® 37.4 5 
Tallahatchie: Swan Lake, 25 2 31.8 | Mar. 22 
31.1 
Fulton, Ark...-- 28 1] 35.0] Apr. 24 
Springbank, Ark 37 ( 2} 30.2 27-28 
~ — La. 40 1 (@) 48.2| May 4 
Melville, La. 37| @) 46.8 14-16 
Morgan City, La. 8 
West Gulf drainage 
Logansport, 25; (4) 7| 2.2) Apr. 19 
Dallas, Tex 25] (1) 1] 33.1 21 
9 9| 26.4] May 9 
Trinidad, Tex... 28 6| 367] Apr. 29 
Liberty, Tex. 25 27.4 21 
Rio Grande: San Marcial, N. Mex....---- 2 0) 3.8 | May 
Pacific drainage 
‘0; 
Fruita, Colo 12 19 23} 122 19-21 
Topock, Ariz 19. 6 27 
Gunnison, North Fork: Paonia, Colo..... 9 Os ro 
San Joaquin: Friant, Calif...............- 12 14 18} 12.9 17 
Kings, Piedra, Calif... 12 12.0 
Columbia: Vancouver, Wash............-. 15 20 | 16.2 21-22 
Williamette: Portland, Oreg........-- 20 
Clearwater: Kamiah, Idaho 17 i46 i7 
‘ Continued from last month. 
; Continued at end of month. 
Below flood stage at 8 a. m. May 1, 1927. 


MEAN LAKE LEVELS DURING MAY, 1927 
By Unirep States Lake Survey 
[Detroit, Mich., June 4, 1927) 


The following data are reported in the Notice to 
Mariners of the above date: 


Lakes ! 
Superior sp Erie Ontario 
Huron 
Mean level during May, 1927: Feet Feet Feet Feet 
Above mean sea level at New York__.-_- 601. 96 579. 14 571.95 245. 95 
Above or below— 

Mean stage of April, 1927. ....._- 36 +0. 20 —0. 02 
Mean stage of May, 1926__....... +1, 78 98 +0. 78 +0. 58 

Average stage for May, last 10 
— +0. 32 —0. 99 —0. 39 —0. 30 
Highest recorded May stage... -. —1.09 —4. 38 —2. 47 —3. 00 
Lowest recorded May stage__-.-.. +1. 78 +0. 98 +0. 78 +0. 99 

Average departure Ginee 1860) of the May 
level from the April level. .............-.-. +0. 31 +0. 30 +0. 34 +0. 33 


1 Lake St. Clair’s level: In May, 1927, 574.40 feet. 


EFFECT OF WEATHER ON CROPS AND PARMING 
OPERATIONS, MAY, 1927 


By J. B. Krnceur 


General summary.—During the first decade rains 
interrupted field work in most of the interior valley 
States, although considerable was accomplished the first 
part. Lowlands continued too wet for good growth of 
crops, with further complaint of grains yellowing, while 
conditions in the Northwest were rather unfavorable. 
In the central and southern Great Plains the weather was 
rather favorable, and in the South mostly ideal condi- 
tions prevailed for field work; but it continued too dry in 
the Southeast and in parts of the Southwest, with a 


general, soaking rain needed in the former area and in 


arts of Texas, Oklahoma, and sections to the westward. 

here was further delay to field work during the second 
decade, due to wet soil and further rainfall, and spring 
planting was much behind an average season in much of 
the Ohio Valley and central Mississippi areas. Vegeta- 
tion made slow progress, due to cool weather, in the 
East, but good advance was reported in the West wher- 
ever there was sufficient soil moisture. A continuation 
of rains kept the soil too wet for working in the Ohio and 
middle Mississippi Valleys during the latter part of the 
month, and the continued absence of rain in the South- 
east and Southwest was unfavorable, with moisture 
urgently needed in much of these areas. 

"8 grains.—It was rather unfavorable for wheat 
during the first ee of the month. The winter crop con- 
tinued to make fair to very good progress in some sections, 
but further rains were detrimental in many interior valley 
districts, especially on lowlands, and there were further 
complaints of yellowing. Little seeding could be accom- 
plished in the Spring Wheat Belt, but the early seeded 
grain made satisfactory progress. Winter wheat con- 
tinued to make good to excellent advance in most of the 
Great Plains during the second decade, but was poor in 
Oklahoma due to rust, insect infestation, and scanty 
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moisture, while drought was ne in western Kansas. 
Further deterioration continued in these sections during 
the latter part of the month, but elsewhere the crop made 
mostly fair to very good progress. Harvest advanced in 
Texas and at the close of the month wheat was heading 
as far north as Pennsylvania. Oats did well during most 
of the month, except in some interior wet sections. 
Conditions were favorable for rice generally and flax 
seeding progressed fairly well, except for some local 
interruption by rain. 

Corn.—Considerable corn planting was accomplished 
in the Ohio Valley States during the first part of the 
month, but rains interrupted this work toward the close 
of the first decade. Planting made very good progress 
in many sections of the upper Mississippi Valley, but 
was much behind an average season. Seeding was slow 
and very backward and had become seriously delayed in 
most of the Ohio Valley States at the close of the month. 
It made generally good advance in the Great Plains area, 
with cultivation progressing in southern sections. 

Cotton —Planting cotton advanced well generally, except 
in some central-northern portions of the belt and in the 
inundated sections, altho planting was progressing on 
some of the higher ground in the previously overflowed 
territory at the close. The continued absence of rain in 
the eastern portion of the belt was generally unfavorable 
and resulted in rather poor germination and slow progress 
of the planted crop. Progress and condition of cotton 
were rather poor in Texas during the first half with de- 
terioration in the drier sections, but conditions were more 
favorable during the latter half, with progress rangin 
from fair to very good; the condition of the crop varie 
greatly, from poor to very good. The early planted 
stood the drought well, but late planted in the drier dis- 
tricts deteriorated, with germination poor in the west 
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and north. Growth was fair to good in most other 
sections, and the crop was clean and generally well 
cultivated. 

Ranges, pastures, and livestock. —Continued dry weather 
was unfavorable in the Southwest and caused some deteri- 
oration, especially in New Mexico and adjacent sections, 
where the range was barren in many parts. Generally 
good to excellent condition of the range prevailed in 
most of the Great Plains area and pastures were uni- 
formly good in the East, except in the Southeast, where 
it was too dry. Some livestock losses occurred from 
stormy weather and the poor range caused much to be 
shipped out in New Mexico, but elsewhere livestock 
were generally good. 4 

Miscellaneous crops.—Potato planting progressed to 
the northern border States, but this work was retarded 
the latter part of the month by continued rains or wet 
soil. Progress of potatoes was generally good in most 
sections where up, but sweet-potato transplanting was 
delayed in the Southeast by continued dry weather. 
Minor crops suffered from lack of moisture in most 
sections from Florida northward to North Carolina and 
condition in this area was poor, with much truck reported 
a failure on the Florida uplands. In most other sections 
of the country truck made generally good advance. 
Tobacco was affected by the drought in Florida and 
continued wet soil in Kentucky made conditions unfavor- 
able for transplanting. Sugar-beet seeding was finished 
in Wyoming, with the early crops being thinned, and 
elsewhere they were growing well. 

Fruits were penetally good in most northern sections, 
although the early crop was showing the effects of the 
April freeze. Citrus continued to drop badly in Florida 
during most of the month due to continued absence of 
moisture, but this crop did well in California. 


WEATHER ON THE ATLANTIC AND PACIFIC OCEANS 


NORTH ATLANTIC OCEAN 
By F. A. Younae 


The number of gales reported during May was not far 
from the normal shown on the Pilot Chart over the 
greater part of the steamer lanes, where in different 5° 
0 they were observed on from two to four days. 

oderate conditions were the rule off both the American 
and European coasts, with the exception of a few days. 
In the region between the thirtieth and thirty-fifth 
parallels and the twenty-fifth and sixty-fifth meridians 
the number of days with heavy weather was somewhat 
in excess of the normal. 

May was an exceptionally foggy month, especially 
over the Grand Banks and off the American coast, as fog 
was reported on 18 days in the former locality and on 
from 14 to 15 in the latter. There was also more fog than 
usual over the eastern section of the steamer lanes, where 
it occurred on from 3 to 9 days. 

The results for Julianehaab, Greenland, were not given 
in the following table, as reports were missing on 10 days. 
Judging from data on hand there was a period of high 
pressure from the 13th to 15th, with a barometric reading 
of 30.12 inches on the former date; cyclonic conditions 
prevailed on the 21st, when a reading of 29.53 inches was 
recorded; the reports for the 22d and 23d are missing. 


TaBLe 1.—Averages, departures, and extremes of atmospheric pressure 
at sea level, 8 a. m. (seventy-fifih meridian), North Atlantic Ocean, 
May, 1927 


Aver 
age | Depar-| High- 
Stations pres- | ture 1 est Date | Lowest} Date 

sure 

Inches | I Inches Inches 
Belle Isle, Newfoundland_.-....---- 29.83 | —0.11 | 30.20 5th. | 29.48 | 9th. 
29.92 | —0.08 | 30.44 22d. | 29.48 | 26th. 
29.92 | —0.09 | 30.46 22d..| 29. 50 27th. 
29.98 | —0.03 | 30.36 22d. | 29.76 | 16th. 
30.02 | +0.04 | 30.14} 31st. | 29.90 | Ist! 
30.01 | +0.05 | 30.18] | 29.84 | 28th. 
+0.01 | 29.98 | 223d. | 29.80 | 2d. 
30.07 | +0.07 | 30.14} 13th. | 29.96 | 28th. 
30.08 | +0.08 | 30.30} 210th. | 29. 86 | 28th. 
30.06 | —0.08 | 30.32 9th. | 29.78 | 18th. 
Lerwick, Shetland Islands........_- 30.02 | +0.22 | 30.48] 10th. | 29.57 | 2lst. 
Valencia, Ireland 30.06 | 40.11 | 30.42] ith. | 29.54 | 2d. 
30.05 | +0.13 | 30.42] Lith. | 29.66 | 3ist. 


| From normals shown on H. O. Pilot Chart, based on observations at Greenwich meat 
noon, or 7 a. m., seventy-fifth meridian. 
2 And on other dates. 

On the 1st a disturbance of limited extent was central 
near Hatteras, and moderate to strong northerly g 
prevailed in that vicinity. On the 1st there was 
a depression central near 50° N., 35° W., that afterwards 
increased considerably in intensity. The western LOW 
moved northeastward along the coast, and on the 2d the 
center was near Sydney, Nova Scotia. The easter 
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disturbance of the 1st had moved about 5° toward. the 
eastward Aart the next 24 hours, and on the 2d moder- 
ate gales prevailed over the middle section of the steamer 
janes, as well asthe region between the Bermudas and 
fortieth parallel. 

An area of low pressure was in the vicinity of Nova 
Scotia and Newfoundland on the 3d and 4th, respectively, 
and on the latter date westerly sare prevailed in the 
southerly quadrants, and also between the fortieth 
meridian and the Azores. This Low then moved rapidly 
eastward and on the 5th and 6th was central near 46° N., 
40° W., while on both dates northerly to northwesterl 
gales occurred between the thirty-fifth and fiftiet 
meridians. ta be 

From the 7th to 10th an area of low pressure lay over 
the western section of the Gulf of Mexico, and on the 8th 
and 9th winds of force 7 were encountered west of the 
90th meridian. hej 

Charts VIII to X cover the period from the 8th to 10th, 
inclusive, and give an idea of the conditions at the time 
of the airplane flight of Captain Nungesser. 


MONTHLY WEATHER REVIEW 


255 


From the 11th to 23d there were no disturbances of any 
extent or intensity, although a few reports of moderate 
ales were received, and areas of low pressure covered 
ifferent sections of the ocean during this period. 
- Charts XI to XIII cover the period from the 19th to 
21st, inclusive, showing the weather on the day before 
_ on the two days included in Colonel Lindbergh’s 
ight. 

On the 24th St. Johns, Newfoundland, was near the 
center of a Low that afterwards developed into the most 
severe disturbance of the month. On the 25th and 26th 
the center was near 45° N., 40° W., and on both of these 
dates severe westerly to northwesterly gales swept over 
the region between the fortieth and fiftieth parallels and 
and the thirty-fifth and sixtieth meridians. 

From the 27th until the end of the month moderate 
weather prevailed generally, except that on the 28th 
northwest winds of force 7 occurred in the vicinity of New 
York, and from the 29th to 31st moderate northerly gales 
were reported from a limited area east of the twenty- 
fifth meridian. 


OCEAN GALES AND STORMS, MAY, 1927 


Voy. Position at time of Diree- | Direction | Direc- 
— lowest barometer Time of Low- | tion of | and force | tionof | Highest Shifts of wind 
Vessel Gale Gale | est | wind | ofwind | wind | force of 
began ended |barom-| when | attime | when | wind and me G 
the To~ Latitude | Longitude barometer eter | gale | oflowest | gale | direction |!0West barometer 
barometer | ended 
inches 
Olancho, Hond. 8. S.....| Puerto Cortez} New York--.-| 833 50 N.| 76 00 W. | May 1} 2a., May 1 {| 29.63 | NNE., 7..| N.----- Steady. 
Conte Rossa, Ital. S. S..}| Ge. 38:01 N.| 63 00 |...do..-| Mdt.,1...| May 2) 29.55 | SW....| SW., 10...|. NNW -| 8W., 10...| SW.-NNW 
Veendam, Du. S. S.....-| do.....--| 48 40 N. | 37 42 W. |.-.do_--| 8p., 1.._.-- 20.20 | SW....| WSW., 8.. WNW., WSW.-NNW 
Mar Negro, Span. S. Swansea... Montreal_--.| 48 06 N. | 29.15 W. |..:do_..| Noon, 2...) May 3} 29.35 | SE_._-- WNW.,, 2.| ENE.-| WSW., 10. 
Steel Seafarer, Am. S. S_.} Port Said-...] New York---| 38 47 N.| 55 40 W. | May 10a., May 4| 29.83 | W_....| W., 7----.| NW--..| NW., 9...| W.-NW 
Providence, Fr. 8. 8. ...| Providence...| 40 25 N. | 16 10 W. |-..do.--| 8a., 4..-..- -..d0-- -| 29.85 | SSW_.-| Var....-.. SW....| WNW,, 9. 
Mar Negro, Span. 8. S.-.| Swansea--__.. 45 15 N. | 4430 W. | May 6) 9p., 5...--- May 29.32 | SW..-.-| W., 8.....| NW_.-| NW., 11..| SW.-W.-NW 
Gonzenheim, Ger. 8. Emden_.....| Portland,Me-_| 46 11 N. | 42 14 W. | May 6 29.06 | NNW NNW.,8- NNW —., 11....- dy. 

North Cornwall, Br.S.S_| Genoa_.....-| Montreal__..- 44 43 N.| 31 00 W. 4a., 7.-.-.-- | May 29.32 | SW-....| SW., 9..-.| WNW-. sw.,9 SW.-W.-WNW 
Oherca, Ital. 8, S_.-:..-:| Palermo. .-..| Néw York.--| 36 18 N. | 57 55 W. | May 7} 1a., 8..---- | May 29.46) SW....| W., 9.--..| NW-..-] —., 9....-- - 
36 00 N.| 4413 W. | May May 9 | 29.82 | SSW...| S., 9...---- Wi 8,-SSW. 
NorthCornwall, Br.S.S..| Genoa_....-.| Montreal... 45:40 38 00 W. 99.31 | 
Laura C, Ital. 8. S_..... Gibraltar__..| New York--.-| 35 04. N.| 34 25 W. | May12/} 10p., 12....| May 14| 29.97 | 6...| NNW NW,, NW-NNW. 

Dakarian, Br. 8. S..... Galveston....| Liverpool...-| 49 16 N. | 22 27 W. | May16| 3a, 16.___- May 17| 29.71 | 
Castle, Br. | 39 36 N. | 29 06 W. | May17]| Noon, 17..| May 18} 29.73 | NW._.| NW.,7---| NE-...| NNE., 8..| NW.-NNE., 
Burgerdijk, Du. S. S....| Rotterdam...| New York-..-| 41 03 N.| 57 50 W. | May 19! 8a., 19_._.. May 20! 29.78 | SSW...! SW., 8..... WNW.) SW., 8...-| Steady. 
New York City, Br. Cardiff_...._- Philadelphia.| 43 50 N. | 42 37 W. | May 23 | 2p., | May 26} 28.84 | SSE__.| SW., 11...| WNW-/ SW., 8-WNW 
Ger. 8. 8..| Southampton| New York-.--| 45 30 N. | 37 15 W. | May 25) 4p., 25_.... WNW,, li SW.-WNW 
kholm, Swed. 8, Gothenburg. |--.-. 46 54.N. | 42 48 W. |.-.do_-.| Ip., 29.02 | SW--..| W., NW...) W., SW.-W.-NW 
North Pacific Ocean 
Esther Dollar, Br. 8, S..| Karatsu ..... San Francisco} 46 50 N. |152 15 W. | May 1 | 2a., 1..-..- May 2/| 29.58 | NE-...} N., —-.--- NW... NE.-N.-NW. 
Mayehashi 43 42 N. |143 00 W. | May 4} 2a., May 4| 29.98 | SSE__.| SSE., —_.| SW_-...| SSE., SSE.-SW. 
Maru, Jap. | New York-...| 45 05 N. |144 04 W. | May 8a., | May 3/ 29.72 | SSW...| SSW., 8..-; WNW. wsw., SW.-WSW. 
Maru, Jap. S. Bellingham-.| 48 59 N. |126 08 W. | May 2a., 29.64 | SE -._.| SE., — 8------ SE., 10 ...| SE.-S. 
Cie . Taft., Am. 8. Yokohama_..| Victoria... 50 00 N. |153 00 W. | May 4} 2a., 5 May 6| 29.71 | SSE.-_- ssi.., SSE., 8... Steady. 
Vancouver, Br. | Vuncouver-..| Osaka...----- 50 06 N. |174 52 E. | May 6] Ip., 8......| May 29.30 | wsw., 8. 
Tahches’ m. . 8......| Yokohama_..| Portland_-..- 49 02 N. |163 15 W. | May 9! 6p., 10...-- May 11 | 29.54 | WNW_| WNW.,7.| NW_..| WNW.,9.| WNW.-NW. 
chee, Br. S, S____...| Shanghai__... San 47 00 N. |157 30 E. | May 16) 4a., 17...-- May 17 | 29.27 | ENE_-| NE.,7-.--.| NE..-.| NE., 8..... ENE.-NE. 
Alabama Maru, Jap.8.S8 | Yokohama..-| Victoria 39 45 N. |149 55 E. |.-.do__-| 4p., 16....) May18! 29.17 | W_....| WNW., — NNE..| NW.,8__.| W.-NW.-NNE. 
ontegue, Am. Hong Kong..| San Francisco| 45 41 N. 10 E. |-..do-_-| May19| 29.47 | E,,9...-..| E., Steady 
iston, Am. S. Niigata. Portiand..... 43 29 N.|147 25 E. | May23| Mdt., 23..| May24| 29.32 | W__...| W.,8 ..--| W-----| W., Steady. 
t Nomentum, Am, Columbia | Yokohama.) 45 46.N. 159 21 E. | May 24} Noon, 24../...do...| 29.35 | 8._..-.. SW., SW,, 8....| 8.-SW. 
iver. 
Hong Kong..| San Francisco} 36 30 N. |143 40 |...do._-| 10a., 24....| May 25} 29.59 | ENE._| E., ENE.-E. 
ayote, Am. 8, S._| Dairen_...... 48 48 N. |163 32 W. | May 29} 6p., 30___-- May 31 | 28.97 | E.....- E., —--.-- SSE...) E.,9...... Steady. 
iver. 
West Hixton, Am. 8. Niigata. ._... Portland 49 45 N. |170 06 W. | May 30} 6a., NW., —--| NNW.,8-| NNW.-NW. 
South Pacific Ocean 
T 
San Francisco; Sydney - -.-- 37 20 S. |161 43 E. | May12| 4p., 12...-- May 13 | 29.58 | S....... WSW.,1--| SSW...) SSW., 8...| N.-WSW. 
» Am. 8. 8___...,| Buenos Aires.) San Pedro...-| 50 02 77 12 W. | May 18} 4a., 20.---- May 20} 29.20 | SW_...| WNW., 7-| SW....| W., SW.-NW. 
South Atlantic Ocea 
n 
Sabotawan, Am. 8. 8_...| Santa Fe, Arg. 28 10 S.| 45 00 W. | May 7| 7a., 8..-..- May 29.04 | E...... NE., 9....| NW.-SW. 
el. 
lave, Am. 8. S8.......| Buenos Aires.| San Pedro__-| 38 32 S.| 57 20 W. | May 11 | 1a., May 12| 29.89 | W.....| SW., 8...-] 8.. ....| SW., 8....| W.-SW. 
Cross, Am. 8.8_} Mobile....... Montevideo | 27 50 S.| 44 50 W. | May 7| 7a.,8 --.-- Ma 29.22 | NW...| SW., 9-.--| SW..../ SW., 9....| W.-SW. 
West 34 45 8.| 53 50 W. | May12| 4a.,12 May13| 29.84 | NW___| NW., 8_..| SW....| SW., 8._..| NW.-SW. 
» Am. 8...) Buenos Aires.| Santos. 31 56 8. | 49 45 W. |...do_--| 10a., 12 29.98 | ws WSW., 8..| W.-WSW 
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NORTH PACIFIC OCEAN 
By Wiius E. Hurp 


The average pressure during May, 1927, was close to 
normal over a great part of the North Pacific Ocean. 
A long, shallow trough of low pressure—the Aleutian 
Low—covered the western part of the Gulf of Alaska and 
the southeastern part of Bering Sea, and extended south- 
westward along the Aleutian Islands, with the minimum 
reading, 29.85 inches, at Kodiak. An anticyclone, 
almost unbroken by cyclonic influences, except for slight 
intrusions from the northward, covered the eastern and 
central part of the ocean from the American coast to 
beyond the one hundred and eightieth meridian. On the 
China coast cyclonic conditions normal to the season 

revailed, the continental anticyclone of the cooler season 
by this time entirely disappeared. 

Pressure data for certain American island and coast 
siationn in west longitudes are found in the following 
table: 


TABLE 1.—Averages, departures, and extremes of atmospheric pressure 
at sea level at indicated hours, North Pacific Ocean, May, 1927 


Aver 
Stations ture Date | Date 
sure | normal 
‘ Inches | Inch | Inches Inches 
29.87 | —0.05 | 30.58 | 24th___| 29.20 | 9th. 
29.94 | +0.08 | 30.48 | 24th.._| 29.38 | 8th. 
29.85 | —0.02 30.36 | 5th_...| 29.18 | 10th. 
30.16 | +0.07 | 30.34 | 6th4__| 29.92) Ist. 
30.06 | +0.01 | 30.14 | 14th___| 29.93 | 25th. 
30.01 | +0.02) 30.40 | 13th___| 29.57 | 11th. 

Tatoosh Island ?#_.................- 30.07 | +0.03 | 30.44 | 138th_._| 29.55 | Ist. 
San 30.03 | +0.05 | 30.23 | 29.72) 25th. 
29.95 | +0.02 30.08 29 81 | 5th 

1 P, m. observations only. 4 For 30 days. 

7A. m. and p. m. observations. 5 On other date 


* Corrected to 24-hour mean. 


At Honolulu easterly winds prevailed. The average 
hourly velocity was 10.4 miles, and the maximum velocity 
was 36 miles from the east on the 15th. 


May, 1927 


Generally speaking, May was a quiet month over most 
of the North Pacific. High winds, that is, gales exceed. 
ing 7 in force, were rare south of the fortieth parallel, 
vessels within this great region reporting fresh to strong 
gales only, and these limited to the coast regions off the 
eninsula of California on the 21st and 22d, and east of 
Honshu on the 16th and 24th. Gales were more fre. 
quent to the northward of the fortieth parallel, yet 
nowhere exceeded 8 or 9 in force, except on the 3d, when 
a whole gale was experienced off Vancouver Island by 
the Japanese steamer Hayo Maru previous to the passage 
of a small cyclone into the coast of British Columbia, 
A further small cyclone in this vicinity on the 17th 
caused a 56-mile westerly wind at Tatoosh Island. 

Fresh to strong gales occurred early in the month 
between 42° and 50° north latitude, 130° and 155° 
west longitude. During the second decade gales were 
experienced on various days along the upper steamship 
routes west of 160° west longitude, but were mostly 
concentrated from the 12th to the 17th over a region 
roughly bounded by latitudes 45° and 50° N., longitudes 
155° and 175° E., south and southeast of Kamchatka. 
The last week in May witnessed gales in upper mid-ocean 
south of the eastern Aleutians, and over a comparatively 
small area east of Honshu and the Kuril Islands. 

Fog was more frequent in May than in April, except 
perhaps along the American coast, where there was little 
change from that of the previous month. The 12th to 
the 17th were the most general days with it between the 
central Californian coast and Cape San Lucas. Away 
from the coast, along the upper half of the route between 
Seattle and Honolulu, dense wet fogs were encountered 
from the 12th to the 14th, and from the 22d to the 25th. 
Along the northern steamship routes there were a nun- 
ber of foggy days in west longitudes; but they were more 
frequent from the western Aleutians to the coast of 
Japan, over a considerable part of which area fog 
occurred on 25 to 40 per cent of the days, which is above 
the average there for May. 
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In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average rperesuse and total rainfall; the stations reporting the highest and lowest temperatures, with 


dates of occurrence; t 


the several headings. 
- The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. 

The mean departures from normal temperatures and precipitation are based only on records from stations that 


have 10 or more years of observations. 


e stations reporting the greatest and least total precipitation; and other data as indicated by 


Of course, the number of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipitation by sections, May, 1927 
Temperature Precipitation 
Monthly extremes 5 Greatest monthly Least monthly 

| gE | ‘ 

oF. | °F. °F. oF, In. In. 
73.1 | +1.8 | 2 stations........... 99 |} 227 | St. Bernard 38 17 || 2.55 Coffee Springs....-.. 0. 52 
68.3 | +1.1 | 2 stations..........- 114 14 | Alpine 16 22 || 0,15 29 stations..........| 0.00 
71.7 | +2.7 | Portland....-.__.... 97 | 229 | Dutton___ 32 16 || 6.54 Arkansas City....-. 1, 68 
60. 6 0.0 Tee 118 | 15 | Ellery Lak 8 29 || 0.60 25 stations..........) 0.00 
54.6 | +2.7 ds 103 17 | 2 stations. 8) #8 081 Springfield_........- 0. 00 

| 77.2 | +16) Lake Alfred......... 102 31 | 2 stations. ........-. 42 | 216 || 0.93 | —3.03 | Belle 3.10 |. 3 stations. .......... 
73.6 | +2.0 Alapaha............ 104 31 | 2 stations. .:........ 34 17 || 1.58 | —1.92 | Blue 3.98 | St. George.......... 0. 07 
50.4 | —2.4 |} Chattin’s 102 16 | Obsidian......- 2 || 2.20 | +0.47 | 7.66 | Driggs. ............. 0. 50 
61.2 | —1.4 | Mount Carmel____-- 92 32 1 || 6.95 | +2.904 | 12.05 | Waukegan.-......... 3. 54 
61.1 | —1.1 | 04 21 28 1 || 7.09 |. +3.08 | 123. 33 2.97 
584 | —1.8 | 2stations....-...... 91| 17 | 4stations........... 30| 25 || 4.69 | +0.08 | Independence....... .07 | Oakland. .......... 0. 86 
65.5 | +2.0 | 105 17 | Cawker City.......- 26 11 | .—1. O47 | 0. 04 
Kentucky............ 65.7 | +0.1 | 2stations........... 93 21 | 2stations...........| 31 17 || 7.44 p 3. 32 
Louisiana, ..-........ 76.1 | +2.5 | Dodson_....._.._... 100 31 | Lake Providence....| 46 1 || 5.42 99 2. 05 
Maryland-Delaware..| 61.7 | —0.9 | Cumberland, Md--..| 95 9 | Oakland, Md-...... 28 1 || 3.05 | —0.54 | Cambridge, Md_..-. 6.39 | Pocomoke City, Md.) 1.70 
Michigan....-....-...| 52.2 | —1.6 | Cassopolis. ......... 97 22.12 stations. 20 | 212 || 4.21 | 41.04 | 11.71 
| 51.2 | —3.5 | Lynd... 88 21 | Itasca State Park...| 25 11 || 3.66 | +0. 56 | 6.06 | Sandy Lake Dam..;| 1, 07 
issippi-.......... 73.9 | +2.4 | Aberdeen... 99} 29 16 || 4.56 | —0.02 | 10. 59 | 2. 08 
64.6 | 0.0 | 2stations........... 94 | 228 | 34 12 || 6.98 | +2.28 | Morehouse. ........ 1, 46 
jontana............. 46.7 | —4.2] Ennis............... 88 16 | Poker Jim Ranger 7 10 || 5.15 | +2. 92 10. 82 1,02 

Station. 
Nebraska... ......... 59.0} 0.0) 104 17 | 22| 29 || 248 | —1.07 616 | Guide Rock. ....... 0.44 
Nevada... 55.9 | —0.8 andale.........- 108 | Rye Pateh_... 055 | —0.28 2.11 | 0. 00 
New Engiand 51.3 | —3.6 | Fitchburg, Mass....| 83 | ?21 | 2stations--. 21 22 || 3.78 Plymouth, Mass....) 135 
New Jersey__. ~| 58.1 | | 2stations........... 88 | 110 | 2stations.........-. 30 28 || 3.65 1.93 
New Mexico... 62.9 | +3.1 | Nara 105 | 18 | 19} 711 || 0.12 58 stations.......... 0. 00 
54.0 | —1.8| Dansville. .........- 93 | 2stations...........| 20 1 || 4.738 2. 40 
68.0 | +13 | Weldon._....-..... -| 100 24 | Mount Mitchell....) 18 12 || 2.50 Southport..........- 0. 48 
48.0 | —4.6 | New 87 1 | Westhope..........-. 13 6 || 5. 62 Wahpeton... ......- 2. 60 
60.1 | —0.4 | 95 29 | 26 1 || 4.73 Montpelier.........-. 2.19 
71.7 | +4.0 | Waurika...........-. 108 28 | 2stations._........- 32 29 || 2.72 Boise City.........-. 0. 00 
51.5 15 | Fremont 14 29 || 2.13 Umatilla...........-. 0. 12 
58.2 29 | West Bingham...... 23 28 || 4.14 1,76 
«| 31 | 2 stations. .......... 36 17 || 1.92 0. 29 
52.9 2 | Camp Crook ......- 17 10 || 6.14 Ranger Sta- | 1.27 
on. 
68.8 32 17 || 5,06 | +0.96 | Kingsport........... 9, 69 | Charleston.......... 1, 80 
77.7 7} 81] 1.63 | —2.03.| Bon’ Wier........--. 6.09 | 13 0.00 
54.0 15 | Castle Rock..-.. 15] 210 |) 0.97 | —0.34 Line City | 4.39 | 18 stations.......... 0. 00 
64.3 24 | Burkes Garden.....-. 24 2 || 2.87 | —1.34 | 7.75 | New Canton........ L17 
51.3 15 | 2stations...........} 20} 42 || 263 | +0.74 ynoochee power | 14.07 | Fort Simcoe (near)..| 0. 03 
Virginia........| 62.0 19| White Sulphur] 21 1 || 4.13 | +0.04| Davis............--. 7.74 | Upper Tract ........ 0. 75 
Springs. 
Wisconsin... §2.1 21 Big St. Germain} 17 12 || 4.46 | +0.65 | Darlington.......... 2.17 
am. 
Wyoming... 47.9 16 | 2stations........... 1| 2.33 | +0.20| Dull Center (near)..| 9.40 | 0.20 
Alaska (April)... 29.3 10 } Fort Yukon........- —41| 6 || 3.23 | —1.15| Fortmann Hatchery.| 10.27 | Fort Yukon_........ 0.08 
72.8| +1,2| Waianse..........-- 7 | Voleano observatory} 61| 845 | +2.67 | Hiloa-Manawai- | 53.50 | 2stations...........| 0.00 
opuna Divide. 
Porto 77.5 | —1.1]| 2stations......... 12 | 53| 5 7.13 | +238] Bayamon........... 16. 34 | Santa Isabel. ....... 0. 45 
2 Other dates also. 


1 For description of tables and charts, see REVIEW, Jan. 1927, p. 43. 
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Pressure 


TaBLE 1.—Climatological data for Weather Bureau stations, May, 1927—Continued 


Elevation of 
instruments 


nessee 


Ohio Valley and Ten- 


District and station 


May, 1927 


Knoxville. ......-...-- 


enter. ....---- 


Cincinnati. ....------- 


Memphis. ..-.-.---.-- 
Nasbville......-.----- 
Lexington.....-------- 
Louisville............- 


015 
358 
609 
636 
534 


8 


------~|1, 324 


53572—27——-4 


d, Mo 


| 
3 
Chattanooga -.....---- | 0.0) 0. 
6. 
| 0.0 0. 
0.0! 0. 
0.0) 0. 
0.0) 0 
0.0) 0. } 
Roya 0.0) 0. 
Terre Haute. ...-.-.-- 0.9 0. 
| 0.0) 0. 
Elkins. 0.0} 0. 
0.0) 0. 
Lower Lake Region _ 
| 
| 
| 
| 
t 
| 
| 
| 
|g 
| 
| 
| Missouri Valley = | ‘eB 
| | sw. 6| 1213 | 
St. Joseph." | nw. | 13) 9) 15 | 
| 48 sw. | 23) 15) 
| 33} s. | 23) 12) 
| | 38) sw. | 20) 12) 12) 
alentine 36) nw. 14) 8} 11) 
= 
w. 
nw. 
| ainw.! 3) 7) 15) | 


M: 
St. Jc 
Sydn 
Halifi 
Yarm 
Char! 
Chatl 
Fathe 
Quebe 
Mont 
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Ottaw 
Kings 
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Cochr 
White 
Port 
South: 
Parry 
Port A 
Winni 
Minne 
Le Pas 
Qu’Ap 
Medic 
Moose 
Swift ( 
Calgar 
Banff, 
Edmor 
Prince 
Battle! 
Kamlo 
Victori 
Barker 
Triang 
Prince 
Hamilt 
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TABLE 2.—Data furnished by the Canadian Meteorological Service, May, 1927 


May, 1927 


Precipitation 


Total 
snowfall 


In. 


0.0 


0.0 
0.0 


0.0 


Depar- 
ture 


from 
normal 


In, 


—0. 43 


—0.71 | 


—0. 60 


Total 


In. 


3.79 | +1. 84 


1.19 


0.77 


4. 06 


Temperature of the air 


Lowest 


21 


Highest 


74 


Mean 
mini- 
mum 


32.4 


ieee 


37. 2 


61.9 


Mean 
maxi- 
mum 


2 
8 
3 
4 


54. 
55. 
54. 
53. 


55.1 


57.3 
58.5 
50. 9 


57.7 


58. 2 


76,7 


par- 
ture 
from 


9; 


—20 


—3.3 


—0.1 


Mean | De 
max.+ 
mean 


43.7 


51.4 


normal || min.+2 | normal 


—. 04 


—.07 
—.07 
—.01 


+. 07 


+. 08 


LATE REPORTS, APRIL, 1927 


4 , 
$22°5 


Stations 


‘I 


St. Johns, 

y, C. 
N. 
Yarmouth 
Charlottetown, 


Chatham, 


Father Point 


Quebec: 
Montrea:, 


Toronto, 
Cochrane, 
White River, Ont.... 


Port Stanley, Ont 


Parry Sound, 


Southampton, 


Qu’Appelle, Sask 


Le Pas, Man_... 


Battleford, 


Hamilton, 


& 


Yarmouth, 


Charlotte 


: 
Pressure 
Al 
m | ae 
mier | = = | 
47.1] 38.5 74 28 374| 0 
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